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TWO-DIMENSIONAL HYDRODYNAMICS ANALYSIS
FOR PRIMARY CONTAINMENT

by

Yao-Wen Chang, Joseph Gvildys,
and Stanley H. Fistedis

ABSTRACT

This report describes a numerical method for cal-
culating the two-dimensional hydrodynamic response of a
primary reactor containment system to a high-energy ex-
cursion. Equations of hydrodynamics and equations of state
of reactor materials are expressed in Lagrangian form and
then set into finite-difference equations. Shock discontinu-
ities are eliminated by the use of the von Neumann- Richtmyer
pseudoviscosity, q. These equations, along with pressure
pulse and other pertinent input data, are programmed for
solution on the IBM-360 computer. Propagation of shock
waves, loads imposed on different parts of the reactor com-
ponents, and the resulting damage are determined at every
time step until the steel vessel ruptures or the force acting
on the rotating shield plug exceeds the strength of the plug
holddown device. Calculated displacements and pressures
at all spatial points at any instant of time also are given in
pictorial form. b

I. INTRODUCTION

Large, liquid-metal-cooled, fast reactors probably cannot be de-
signed to completely rule out the possibility of a core meltdown. Therefore,
the reactor designer must rigorously analyze the capability of the primary
containment system to sustain the consequences of such an accident. He
should then make appropriate adjustments, using to best advantage the
strength of the system structures and components. The objective in this
report is to effect a sequence of component failures that will dissipate the
energy of the ensuing excursion without breaching overall system integrity
and releasing fission products and other harmful radioactive materials to
the surrounding environs.

To accomplish this objective, the designer must know in detail the
propagation of shock waves emanating from the reactor core, the loads im-
posed on adjacent structures and components, and the damage produced by



these loads. Most important, he must know the sequence of failures of the
various components, since early failure of one component may completely
change the loadings on other parts of the system.

For example, if the reactor vessel fails under the shock loading,
the pressure in the core oxide vapor will be reduced substantially by
venting of the coolant. This, in turn, will reduce the duration of pressure
loading on the rotating shield plug in the vessel cover, and the degree to
which the plug is dislodged. On the other hand, if the vessel is strong
enough to survive the shock loading, the kinetic energy of the coolant will
be redirected upwards, lifting the coolant and compressing the inert-gas
blanket. In this case, the pressure loading on the rotating plug will be
higher and of longer duration, with a greater degree of dislodgement.

This report describes a numerical method for calculating the two-
dimensional hydrodynamic response of primary reactor containment to
shock waves emanating from the core after the neutronics have ceased.
The one-dimensional case has been investigated by Sorensen and Fistedis.!
Briefly, the analysis uses conservation equations (mass, momentum, and
energy) and equations of state of reactor materials expressed in finite-
difference form. These equations, along with the pressure pulse and other
pertinent input data, are programmed for solution on the IBM-360 com-
puter, using the REXCO-H code developed at Argonne.*

For each problem, the code computes the displacements, velocities,
pressures, specific internal energies, densities, and strains at every
spatial point for a specific time interval. (The output of displacements and
pressures also can be given pictorially, showing the movements and defor-
mations or magnitudes of pressures at all spatial points at any instant of
time.) These computations are repeated for every time interval until the
reactor vessel ruptures or the force acting on the rotating shield plug ex-
ceeds the strength of the plug holddown mechanism, whereupon the compu-
tation ceases. Thus this containment analysis and code give in detail the
propagation of shock waves, the loads imposed on different parts of the
reactor, and the consequent damage throughout the sequence of the problem.

*A power-excursion computer code, also developed at Argénne, provides initial values for the REXCO-H
code. Both codes will be linked in sequence, constituting two modules of the Postburst Phenomena of
the Fast Reactor Safety Program,



II. ANALYTICAL DEVELOPMENT

A. Hydrodynamic Equations of Shock Waves

1. Basic Equations

The partial differential equations that govern the flow of a
nonviscous, non-heat-conducting, compressible fluid are:

gf +pdiva = 0 (mass),
Da
Poe = -grad p (momentum),
and
%"‘p% = 0 (energy),
where
lDD-t- = a_at +a- 9,
4 = velocity vector,
p = density, .
p = pressure,
E = specific internal energy (energy per unit mass),
and

v

specific volume.

We assume that there are no external energy sources in the fluid. If the
flow is axially symmetric, it is often advantageous to express these equa-
tions in the cylindrical coordinate system. Thus when the cylindrical
coordinates are denoted by r and z, the equations take the form

o)
—g-t8+a+-g-§ (ugﬂ) (1)

du du du 19
S e b e S @
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dw, 3w, dw _ _13p 3
3 “or Y pbe .
and
oE , OE OE _ oV . oV v 4
ot tu or tw e ‘P($+ug+w-$), (4)

where u and w are the radial and axial velocities, respectively. Equa-
tions 1-4 are the Eulerian formulation of the fluid dynamics in which the
independent space variables are referred to a coordinate system fixed in
space. The alternative is to express the equations in material coordinates,
and these equations are known as the Lagrangian equations of the fluid
dynamics.

The advantage of using the Eulerian formulation is that the
fluid can be distorted without limit. However, difficulty is encountered if
there are nonrigid boundaries or interfaces between fluids of differing
thermodynamic properties, because there is no simple way of telling what
kind of fluid is to be found at a given instant and at a given point. This dif-
ficulty can be avoided in the Lagrangian approach by placing the coordinate
lines along the nonrigid boundaries and interfaces, because the material
coordinate is imbedded in the fluid and is undergoing all the motion and
distortion of the fluid. Also, the limitation imposed on the distortion of
Lagrangian mesh can be eliminated by using the rezoning process. Conse-
quently, the present analysis uses the Lagrangian formulation of the fluid
dynamics.

If the Lagrangian coordinates are denoted by R and Z, then for

any function F, the Eulerian derivatives become

3F _ 1foF 3z 9F 3z\rx
or - J\ORAZ 8Z dR/R

and

OF -1(61:‘ O OF ar> r

3z - J\8R 3z ~3z 3R/ R’

where J is the Jacobian of the transformation

e ol
;xR °3z
r _[or 3z « ©Or Sz &
J=|0 g0 -('a—Rsz'a—ZSﬁ)R- (%)
dz dz



Then on applying the transformation, the equation of mass conservation is
simply

©

Rl = S S 6
> (6)
where p, is the initial density at time t = 0, and d¥ and d¥ are the vol-

ume elements in the deformed and undeformed states, respectively. The
momentum equations become

o 1(0p 0z Op 0z \ r
“'55(8%5—2'5%53)3

and

. _ 1 (3pa 3p ar) .

%7 P (g%ﬁ' 3Z 3R/ R*

Although p,, OR, and 0Z are independent of time, the momen-
tum equations have become considerably more complicated by the trans-
formation. In the numerical analysis, it was easier to work with the
quantities p, Or, and Oz directly. Therefore the equations used are of the
form

- 10
r-'zr (7)

and

i %%E (8)

where r and z are dependent variables; they are functions of (R, Z,t).
Each fluid particle is now labeled with a set of Lagrangian coordinates
[R(I),Z(J)]. Since the Lagrangian coordinates are imbedded in the fluid
particle and move with the fluid, the total derivative is simply the time
derivative, and the energy equation reduces to

dE = -pdV. 9)

Equations 6-9 are the hydrodynamic equations in the Lagrangian

formulation. There are five unknowns: density of the fluid, p; radial and
axial accelerations of the fluid, r and z; pressure in the fluid, p; and in-
ternal energy, E. To obtain a unique solution, a fifth equation relating the
various unknowns is needed. If the thermodynamic properties of the fluid
are known, a relationship between p, E, and p can be established. Such a
relationship is known as the equation of state of the fluids. In the present
analysis, this equation is assumed to have the form

R= £(V,E) (10)

11



Equations 6-10 apply only to the smooth part of the flow, i.e.,
without shocks, or the flow between shocks. For flows at the shocks, the
dependent variables p, u, w, E, and p are no longer continuous: The dif-
ferential equations at the shock only have one-sided derivatives. There-
fore, they must be supplemented by jump conditions that serve as internal
boundary conditions. These special boundary conditions are provided by
the well-known Rankine-Hugoniot equations. However the application of
these equations is complicated because the surfaces on which the conditions
are to be applied are in motion through the fluid and because the motion of
the surfaces is determined by the equations themselves.

|
2. Elimination of Shock Discontinuities |
|

To avoid the above-mentioned complication, von Neumann and
Richtmyer? devised an approximate method for solving one-dimensional ‘
fluid-dynamics problems that eliminates discontinuities in the differential |
equations and dampens out spurious pressure oscillations in the numerical
computations. Their method uses the well-known effect of dissipative
mechanisms, such as viscosity and heat of conduction, on shocks. For ex-
ample, when viscosity is taken into account, the shocks are smeared out |
and the mathematical surfaces of the discontinuities are replaced by thin |
transition layers in which quantities such as pressure, temperature, and ‘
density vary rapidly but continuously. “

Accordingly, von Neumann and Richtmyer introduced a pseudo-
viscosity term, q, into the differential equations, thereby eliminating the
shock discontinuities without jeopardizing the conservation laws on which
the Hugoniot conditions are based. Also, the jump conditions across the
transition layer still hold in the approximation in which the layer is re-
garded as thin, relative to other dimensions.

The differential equations employed in the pseudoviscosity
method are

P d+ P
p_o = =
Canlildio )

: - -3 2zl
g omd 8(p+q)] e (11)
il S |

dE = -(p+q)dVv, k

and

p = £(V,E). J
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3. Form of Pseudoviscosity Term q

a. One-dimensional Flow. For one-dimensional fluid motion,
the form of q proposed by von Neumann and Richtmyer is

(Py £)° (av)‘ AV
v St if B oty 1

q =
(12)

- 1f —
=0 if St

where [ is a constant having the dimensions of length, p, is the normal
density of the fluid, and V is the specific volume of the fluid. Equation 12
can be written equivalently as

o]
n

2 (3 .. du

V(-?R) if ‘;R <0,

(13)
= 0 if =— =0,

where R is the Lagrangian coordinate, and u (= ar/at) and r are, respec-
tively, the velocity and Eulerian coordinates at time t of a fluid element
that was initially at position R. For some calculations, it is more con-
venient to use Eq. 13.

Von Neumann and Richtmyer showed that upon inclusion of
q into the pressure p in the momentum and ehergy equations:

(1) The derivatives are no longer discontinuous.

(2) The shocks are immediately evident as near-
discontinuities that move through the fluid with very nearly the correct
speed.

(3) The quantities pressure, temperature, etc., have very
nearly the correct jumps across the discontinuities, provided the thickness
of the shock layers is small in comparison with other physically relevant
dimensions of the system.

(4) The thickness of the shock transition layer is independ-
ent of the shock strength and of the condition of the material upon which it
impinges.

(5) The effect of q is negligibly small in the smooth part
of the flow between shocks.



b. Two-dimensional Flow. A number of different expressions
for pseudoviscosity in two-dimensional flow have appeared in the litera-
ture,®”® but none offer any advantage over the von Neumann-Richtmyer's
q on the pressure oscillations* that occur behind the shock wave. This is
because q is not a physically real quantity, but, as mentioned above, merely
a device to eliminate shock discontinuities in the equations and to dampen
spurious pressure oscillations in the numerical calculations. Furthermore,
since it is added into the pressure in the calculations, we can reasonably
expect q to be a scalar function, like true pressure and energy.

For these reasons, Eq. 12 is modified and used directly in
two-dimensional flows. (For two-dimensional flows, Eq. 13 is no longer
equivalent to Eq. 12.) The modification consists of replacing L% by aZAoR/r,
where a is the shock-width constant and A, is the area of the original
Lagrangian mesh, i.e., when the fluid is at the normal density po. The ob-
jective is to ensure that all shock widths cover the same number of mesh
points (~3 to 5 times the mesh size).

When the equation of mass conservation is applied, Eq. 12

becomes
_ a%poA (av)2 v
g ey 5 EHSY
(14)
» OV
=0 SR 0,

where A is the area of the Lagrangian mesh at time t when the fluid den-
sity changes to p. The value of a that yields the desired shock width
ranges from 1.2 to 1.4. In this report, a is assumed to be 1.2.

B. Equation of State of the Media

As stated in Section A.l, solution of the four hydrodynamic equations
requires an equation of state of the form given by Eq. 10. For gaseous
materials, the pressure is of thermal origin; it is related to the transfer
of momentum by particles participating in the thermal motion. Therefore,
no appreciable difficulties are encountered in calculating the thermodynamic
properties of gases.

In contrast, a theoretical description of similar properties of solids
and liquids at high pressures generated by strong shocks presents a com-
plex problem. Here the atoms or molecules are in proximity and interact
strongly with each other. Thus strong compression of a condensed medium

*Thme pressure oscillations are not instabilities. They are analogous to the thermal agitation of the molecules,
and they represent the intemal energy that must appear in the shocked fluid according to the Hugoniot

equations.
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generates not only a thermal pressure, but also a significant internal pres-
sure. The internal pressure is due to repulsive forces between the atoms:
it differs from the thermal pressure associated with thermal motion of the
atoms. Therefore, experimental methods play a major role in the study of
condensed media in a compressed state. Accordingly, the following para-
graphs describe briefly how the equation of state of the form p = f(V,E)
can be obtained from shock experiments.

A shock wave (one-dimensional) with velocity ug proceeding through
a condensed material changes the pressure, specific volume, and specific
internal energy, respectively, from py, Vg, and Ej to p;, V;, and E; and
gives the material particles a velocity uy, in the direction of the shock. At
the pressures of interest, the shear strength of the material is negligible
and the material can be treated as a compressible fluid.

For example, consider a shock front having a time-independent pres-
sure profile. Application of conservation of mass, momentum and energy
laws across the shock front yields the Rankine-Hugoniot equations

Pous = Pilug-up), (15)

Pousup = P1 - Pos (16)
and

E) - Eq = 3(p1+Po)(Vo - V). (17)

Since the specific internal energy of a materigl is a function of its pressure
and volume, Eq. 17 may be regarded as the locus of all p,, V, states attain-
able by propagating a shock wave into a fixed initial state pq,Vy. This locus
is defined as the Hugoniot curve (or py values) centered at po,Vo- There
are "infinity squared" of curves for all possible values of pg, Vp.

Equations 15 and 16 contain only four variables: p;, p; (= 1/v,), P
and u,. Therefore, if the values of ug and up are measured experi-
mentally, both equations may be used to find the pressure and the specific
volume. These, in turn, can be substituted in Eq. 17 to calculate the in-
ternal energy. With advanced laboratory techniques, ug and up values
can be accurately measured for a wide range of pressures: from relatively
weak shock pressures, up to 4 x 10 atm. Therefore, by varying the strength
of the shock waves, we obtain a locus of all p,;,V, states. Thus the Hugoniot
curve centered at pg, Vo can be obtained experimentally.

It is intended that py values used in the present analysis be based
as much as possible on the experimental Hugoniot. If the experimental
Hugoniot exhibits multiple steps similar to those attributed to an elastic
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precursor or to phase changes, these steps will be included in the numeri-
cal representation of pyy curves or tables. For example, the experimental
Hugoniot of iron is shown in Fig. 1; it is based on data from Ref. 6. Here,
the Hugoniot curve is centered at pg,Vo. Thus the pyy values are valid
only for materials having the same initial condition as the experimental
Hugoniot. During subsequent shock compressions, the material under con-
sideration can no longer possess the same pg,Vo state. Therefore, it is
necessary to find a general equation of state that will cover points along
all possible Hugoniot curves with different initial conditions.

290 T The most simple formulation that can
Py =104 kbar - HUGONIOT be used for this purpose is the Mie-Grineisen
sl ot equation of state, which may be written
PZ = 131 kbar - CRITICAL
TRANSFORMATION
400 — PRESSURE =) v
" 3R NS, P = By gt Fah g
OF SINGLE_DISCONTI-
3\ NUITY SURFACE
Qa0 = where pp and Eyy are the pressure and speci-
S fic internal energy along the Hugoniot centered
x at po,Vo; and 7y, the Gruneisen coefficient, is
ol o the ratio of the thermal component of pressure
to the lattice vibrational energy density; it is
a function only of volume. The value of Ey is
2 obtained from Eq. 17. In Eq. 18, the neigh-
100 — —  boring states are determined from the Hugoniot
centered at pg,Vy by adding an additional term
(‘y/V)(E - Eg),* which acts like a thermal pres-
| i i sure rise. It is believed that Eq. 18 also can
08 R 09 10 be used to compute pressures during the adia-
° batic expansion.
113-1940
Fig. 1. Experimental Hugoniot of C. Stability of the Differential Equations
Iron in the Region of the
Phase Transformation Another quantity of particular interest

to the numerical solution of hyperbolic differ-
ential equations is the criterion for stability of a finite-difference mesh.
A stability criterion derived by White’ for the von Neumann-Richtmyer's
pseudoviscosity method is of the form

2 2
W = [———C (at) + 432 ki

1
A 2
ey

where W is White stability number, c is the speed of sound, and AV is the
change of specific volume. To ensure additional computational stability,
the value of W is limited to less than 0.45 and greater than 0.2245.

A

*
During an initial compression (E = Eyy), the Mie-Griineisen equation of state reduces to the Hugoniot,



The White stability number for each zone is calculated by

w \? 2 [At)? AV
(%) = < (&) 4. (19)

where a is assumed to be 1.2, and the time interval At is chosen so that
the maximum of the stability numbers for all zones satisfies

2
0.035< (liz) < 0.14. (20)
“fmax

The speed of sound is calculated from

A = _Vz(?\_i) . (21)
s

For gaseous materials, the adiabatic equation of state has the form

pV7l = constant, (22)

where 7) is the isentropic exponent. Therefore

=

c = (npV)2. (23)

For condensed materials (solids and liquids), the adiabatic equation
of state is assumed to have the form

- PB[(%)'” ) l]' ; g

On applying Eq. 21, we obtain
¢ = [V(p+pp)lz. (25)
Here, the constants PB and 7) are related by
c§ = VoPBN, (26)
where cg is the speed of sound at standard conditions.

Substitution of Eqs. 23 and 25 into Eq. 19 yields a stability criterion
of the form

(Tvlz)z _ nv(p;ps)(l%)z +4|A_\>’| 27)

17
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for both gaseous and condensed materials. (Note: For gaseous mate-
rials, pg is taken to be zero.)

D. Finite-difference Equations

Consider a physical system of cylindrical symmetry, which is
represented in a cylindrical (r,z) coordinate system by quadrilateral
Lagrangian meshes as shown in Fig. 2. Because of symmetry, all quan-
tities are dependent only on r and z. Since the Lagrangian coordinate sys-
tem has been adopted, the mesh is imbedded in and moves with the fluid.

z

Fig. 2

A Typical Mesh Point, (I,]), with the
Adjacent Zones and Points, Illustrating
the Notation Used in Finite-difference
Equations

r 113-1939

With reference to Fig. 2, the mesh points (the intersections of
Lagrangian grid lines) are identified by a pair of integers (I,J), which are
[R(1),Z2(J)]. The mesh zones are identified by the integers on the lower
left mesh point (in the undeformed Lagrangian meshes); for example, the
mesh zone ODHA is identified as zone (I,J). Positions, velocities, and
accelerations are assumed to be associated with the mesh points; theyare
identified by the mesh-point integers as subscripts. Specific volumes,
densities, pressures, pseudoviscosities, strains, internal energies, and
White stability numbers are assumed to be associated with zones; theyare
identified by the zone numbers as subscripts. Time is denoted by t. The

At 3 2
times t, t +At, and t +—Z at which quantities are assumed to be known or

calculated are identified by superscripts n,n + 1, and n + 1. The latter
is also used to identify the change in a quantity between t® and tnh,
Where appearing, the superscript 0 denotes the initial value of a quantity
at the start of the problem.

All difference equations used in this analysis are designed to be
correct to first approximations only. For example, the lines connecting
the mesh points in Fig. 2 are taken as stI:aight lines. Use of the true
curves given by the Jacobian of the transformation, assuming they were
known, would result in second-order changes in the volume calculated.



Since the Lagrangian meshes are used, the mass equation is auto-
matically satisfied. However, this equation is needed for the computation
of the new density p, which occurs in the momentum equations. This com-
putation is performed as follows:

The area of the deformed mesh ODHA is the sum of two triangles
AOD and AHD:

ALy = At Ay,

where
A, = }|OD x OA]|
= 2l - 71, 21,541 - 21,5)
- (rp 341 -, p)(z140,5 - 21,50 (28)
and

A, = 3|HA x HD|

zl(rr, 741 - T141,541)(2141,7 - 2141,741)
- (r141,7 - T141,3+1)(21, 741 - 2141,7+1)]- (29)
Substitution of Eqs. 28 and 29 for A, and A, gives

O
Ay = 2llzr41,541 - 21,7014, 5 - 71,7 41)

- (rre1, 5417 71,0 (14,5 - 21,540)) (30)
The volume ¥ of a quadrilateral is calculated from
¥1,0 = ALg2TrLg (31)

where ;I,J is the radius of the centroid of the area Aj j. A reasonable
approximation for moderate distortions is

= 1
EPNTA= R B} T tapaad hrrag g t214] 341)- (32)

In Lagrangian coordinates, the mass of each volume is constant with time;
therefore the density of a quadrilateral at time n is obtained by

19
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n X (povo)l A (33)
BT ¥h 5
1690

Next, the momentum equations are set into finite-difference form by the
Midpoint Method.® Subsequent application of Taylor's expansion between
points 0 and 5, 0 and 6, 0 and 7, and 0 and 8, yields four equations of the

form
P = Py + (2z5- zo)g_l: ot (rs'ro)g—f
ip d%P
+ 3(zs5 - 2o)? g—zz“‘ (25 - z0)(rs - ro) P

2 %P
+ 3(r5- 19) oot Ty

where P = p +q, and terms of third and higher order in (zs- z4) and
(rs - ro) have been omitted. The system is overdetermined for BP/az and

BP/Br. One method of removing the overdeterminacy is to solve first for
(Ps - P7) and (Pg- Pg), which yields

)
Ps - P7 = (z5-29) a—f"‘(rs'r'l)’érf

o*p %P
o (25 - 27) 8,5 Rt (rs-17) Orsq

J*P
+m[(zs' z7) Orsy + (r5-17) bzs7] + ...

and
Pg - Py = (z4- 24) érf + (rg- rg) —S—?
P 3%p
+ a5 (Z(,' Zs) éz“ e W (re_ ra) < s
ip
* aazar [(z6 - 28) Ores + (r - rg) Ozesl + ...
where

oy
bzs1 = z(2z5+27) - 2z, etc.,



are measures of the asymmetry of the mesh. Second- and higher-order

terms in the mesh size--i.e., (z5- 2z7), (r5- r7), etc.--are omitted.

The above equations may now be solved for the gradients

op

oz
and

P

or
where

2_1:3 [(Ps-Pq)(rg-1g) - (Pe-Pg)lrs-1y)] + R,

1

5 [(Ps - P7)(z4 - zg) - (Pg- Pg)(zs - 27)] + Ry,

2A,

Az = 3[(zs - 27)(re- 14) - (26~ 24)(xs - 17)]

-

(34)

represents the area of the quadrilateral 5678. The remaining terms, R,
and Ry, involve products of the mesh size and the &'s. If the mesh is
nearly symmetric, these terms are negligible compared to those that have
been retained.

On substituting Eq. 34 into the momentum equations, neglecting the
terms, and writing

remainder
Ps
Pq
Ts
Tq
Zs
29

we obtain

Ly

and

3(Pry+Pr1,3) Pg = 3P, 7+P,3-1)

3(P1-1,7-1*P1,3-1), Ps = 3(P1,3+P1,5-1)
»

(341 tr5)
2y y+rpyoa)
3(z1, 541 +21,7),

3(z1,7 +21,5-1)

1

% v o [(PI,J oo B A T EREE ) )

Ap),g

+21.1,5-2141,3) - (Pr.1,57-Pr,3-1)

(ZI,J+1'zI,J-l+zI+1,J'zI-l,J)] .

Ty = %(1‘1,_} trpoy gh
l‘a = %(rI"'l,J +rI,J)'
z¢ = 3(z,5+211,5)

and zg = %(ZI,J +z1+1'J),

(35)
(Contd.)
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o 1
LI oy [(PI,J - P11, 721\ yAy=eng (C°n(t;iég

frrly reri ) - P E S R
(r1,7+41- 71,3-1 *7141,3 - ¥I- l,.I)]'
where
APy = Apgpry t ALy gP-1,5 T AL-1,I-1R1-1,7-1

HAL TP TR

No time index is specified in Eq. 35, the implication being that all variables
are prescribed for the same time.

It is assumed that all calculations are performed up through cycle
n(t = t?), so that for all points and zones there are now available the values

of rn, zn, rB-2, zN"2, An, yn, pn, gn, en ., el . efy and EN.

Next, the accelerations at time n are calculated from Eq. 35. These
accelerations may now be used to advance the velocities of all points to
ime nih %,

el

1 1 1
Ptz = §0-7 4 PR [L(ARTE 4 AR 7))

=

and (36)

Zinly

N
(ME

= 0°% + 30 [L(Ath+E +At0-3)],
where

Atn"'% : tn+1 - R
and

AR = g0 - gn-l,

These velocities, in turn, are used to advance the coordinates of all points
to time n + 1,
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I Y
and (37)
n+i1

e {
20t = gR 4 gtz pnts,

Subsequent steps involve the calculation of V, p, E, etc., for the

zones at time n + 1. The volume ¥ of a quadrilateral zone is calculated
from Eq. 31; ie.,

g n+1,_.n+l
= 1 € s
) < R 5 e

+ -n+
where A? Jl and r? Jl are calculated from Eqs. 30 and 32, respectively.
The masses of the zones are calculated at the start of the problem by

mo = po’Vo.
Therefore, from Eq. 33, the density of a zone at time n + 1 becomes

PPt m®

o (38)

The von Neumann-Richtmyer pseudoviscosity, q, is calculated from

1\2
n+i 2 nh 1 avntz : i
= A nt+3
q {1:2) i (vatiy (At"+3 . 1 BV <0

(39)
1
=0 if avntz =,

where

Avn+-é- = Vn+l - VS,

The pressure p and internal energy E of each zone are obtained
from the equation of state,

pn+l - f(vnh'Enﬂ)' (40)

and from the equation of conservation of energy, dE = -(p +q) dV, in dif-
ference form,

1
Enh S e %(Pn+pn+l+qn+l) AVn+3. (41)



24

If Eqs. 40 and 41 cannot be solved simultaneously for the two unknowns

2| En+1

P and , then iterative techniques are used.

The White stability number for each zone is calculated by
Jn+ n+t1 ,_n+i LI 4+

(l) . v +pp) (atntz) | lavets
1.2 2 An+l TN ynt

g
and the time interval At"TZ to be used for the next cycle is chosen so that
the maximum of the stability numbers for all zones with

: (42)

s BN
satisfies Eq. 20.

Since the pressure and specific internal energy are determined from
Egs. 40 and 41, using V (= l/p) from Eq. 38, the calculation of strains is not
needed. However, for materials such as steel, which have a limitation on
tensile strain and which exhibit anisotropic stresses under shock compres-
sions, the strain rates and the strains are calculated separately. The strain
rates are given by

s g 1 ntz .n+3) (,n+ n+1
€re)p ; oantH [(rul,nl L3 UL+l %141,3

i1yi]
£ i_n+% 3 i.n+% Lt o]
gt b o A B | T i |
(& )n+% = | -an‘% b .zn+% l_n+1 _ rn+1
22/1,3 © anh | NI+L,J+1 7 °L7 NLo+1 ™ "141,5) ¢ (43)
IE3)

- -zn+% _'zn+% 1 il ’
A SR el L) gl S B B 1 1)

and

Avn+2
@3 & 2k 1 (@ )n+% +( )n+%
00°'LI ~ ,mtz  ynh Crrfry T \Samalnele 1
I,J o

and the strains by
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-

n+1 . \n+3 , . n+:
€rrlyy = (exx)l; + Erp)p P 08772
<y n AR e
(sz)I,J (ezz)LJ 2 (Ezz)I,Ja SRl > (44)
and
n¥ n . n+% n+l
= + 2
(o), ; = (Cop)y ; * (Egg)y ;0477 )

Calculation of the total energies serves as a check on the accuracy
of the numerical computation. The internal energy is calculated by

EPY 4 o
n+r _ LJ LJ 0
=) Z 2 a7 o =

1,J
and the kinetic energy by

2 2 2
(KEPRT = Zlm" gt I P 1 B
Sl ey 1) I,J+]

]
2 A 2 3 2
.n+-é— .nt+3 -nt3
* (zI.J+l) . (’1+1,J+1) % (zx+1,1+1
2 3 A2 .
.n+% .nt3
: 4
’ (’1+1,J) * (ZIH,J 146)

Since the accuracy of the finite-difference equations depends largely
on zone deformations, an extraordinarily large value of the distortion index
can be used as a signal for stopping the computation. The index for each
zone is calculated from

n+1 Max(D;,D;) Max(D;,Dy) Max(Ds,Dg)
= , - , - , 47
(DI)I,J - [Min(Dl,D3) Min(D,,D4)’ Min(Ds,Dy) (47)
where
D, = (rn+1 _x_n+1)z (zn+1 _zn+1)z
S b ¢ T M O 123 s s 7 1)

5 » (n+1 _ ot )2+(n+1 _._ntl )z
e 0 G o A P Sa it R 5 bin ) e
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Do = n+i _rn+1 z+ Zn+1 n+1 \?2
S ST ] T T I+1 TERIE LAl
n n+l n+i 2+ zn+1 _zn+1 A
= AR B T, T+ 1 CI
n+l n+1\? n+1 n+1) 2
o <r1+1,J+1'r1,J) : <ZI+1,J+1 zI,J) :
and
_ [n+h PG N2 n+1 n+1 \?
v i (rI,JH r1+1,J) 1 (ZI,JH z1+1,J) :

This completes one cycle of calculation. At this point, the finite-difference
equations are programmed for numerical solution on the IBM 360 computer.
A FORTRAN listing of the code is given in Appendix C.

III. COMPUTER PROGRAM

A. Input Information Required

The following card types are required as input information to the
program and are listed in the order in which they must appear in the data

deck.
Card FORTRAN
Type Columns Format Name Description
1 1-72 (18A4) TITLE Title card: 71 characters of alpha-
numerics for problem identification.
Column | must be blani
2 (516,3F12.0)
1-6 IMAX Number of zones in the radial (R)
direction.
7-12 IMAX Number of zones in the axial (Z) direction.
13-18 KB1 Boundary-condition indicator for the top

surface (upper Z).
KBl = 0: Fixed surface.
KBl = 2: Free surface.

19-24 KB2 Boundary-condition indicator for the
cylindrical surface.
KB2 = 0: Fixed surface.
KB2 = 2: Free surface.

25-30 KB3 Boundary-condition indicator for the
bottom surface (lower Z).
KB3 = 0: Fixed surface.
KB3 = 2: Free surface.



Card

Type Columns

2 31-42
(Contd.) 4354

55-66

1-12

13-24

25-36

37-48

49-60

13-18

19-24

25-30

Format

FORTRAN

Name

(5F12.0)

(1216)

TIME
DELT
DELTM

CYCLM

TMAX

DISTM

DEl

DE2

10UA

INUMBA

IOUB

10uUC

10UT

Description

Initial problem starting time, in seconds.
Initial time interval, in seconds.

Maximum time interval, in seconds.

Stop cycle; allows the problem to be
terminated after stop cycle.

(If CYCLM = 0 or blank, the program sets
CYCLM = 10000.)

Maximum time, in seconds; allows the
problem to be terminated after TMAX sec-
onds. (If TMAX = 0 or blank, the program
sets TMAX = 10000.)

Maximum distortion index; allows the
problem to be terminated if the distortion
index on any zone in the problem exceeds
DISTM. (If DISTM = 0 or blank, the pro-
gram sets DISTM = 10000.)

Instability warning indicator. If the per-
centage change in the total energy is
greater than DEI, the program ignores
IOUA instruction on card of type 4 and
prints full accuracy output every cycle.
(If DE1 = 0 or blank, the program sets
DE1 = 0.001.)

Instability control parameter; allows the
problem to be terminated if the percentage
change in the total energy from the initial
total energy exceeds DE2. (If DE2 = 0 or
blank, the program sets DE2 = 0.005.)

Parar:\eter to determine the full accuracy
printout.

IOUA > 0: Full-accuracy output every
IOUA cycle.

IOUA = 0: No printout.

Maximum number of full-accuracy print-
outs. After the number of full-accuracy
printouts exceeds INUMBA, the program
prints the full-accuracy printout for the

last cycle only.

Parameter to determine the limited 2-
dimensional (2-D) printout.

IOUB > 0: Limited 2-D output every
IOUB cycle.

IOUB = 0: No printout.

Parameter to determine film output.

(IBM 2280 Film Recorder Picture Display.)
IOUC > 0: Film output every IOUC cycle.
IOUC = 0: No film output.

Parameter to determine restart
capability--usage of auxiliary tapes8and9.
IOUT = 0: Tapes 8 and 9 are not used.
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Card FORTRAN
Type Columns Format Name Description
4 25-30 IoUT IOUT = l: After the computation is ter-
(Contd.) minated, the program writes the output
data on a binary tape 8 so that the prob-
lem may be continued later.
IOUT = 2: Continuation of the problem
from a previous run.
Program reads the input data from a
binary tape 9.
IOUT = 3: Program combines both IOUT = 1
and IOUT = 2 capabilities: Program reads
the input data from a binary tape 9 and also
writes the output data on a binary tape 8 for
later continuation.
Note: For IOUT = 2 and 3, the input to the program is on tape 9; thus cards of types 5 to
24 are omitted and only cards of types 1, 2, 3, 4, 25, 26, 27, 28, and 29 are
required.
5 (8F9.0) Initial grid dimensions--radial direction.
1-9 R(2,2)
10-18 R(3,2) Rpai 1=2,3, .., n
19-27 R(4,2)
Use as many cards of type 5 as required; n = IMAX + 2.
6 (8F9.0) Initial grid dimensions--axial direction.
1-9 Z(2,2)
10-18 Z(2,2) 22,55 3=2,3, ..., n.
19-27 z(2,4)
Use as many cards of type 6 as required; n = JMAX + 2.
7 1-6 (16) NSEC Number of rectangular sections into which
the grid is subdivided.
8 (716,2F9.0) Section Cards.
1-6 KR1y Starting zone number 1n the radial direction.
7-12 KR2p Final zone number in the radial direction.
13-18 KZ 1y Starting zone number in the axial direction.
19-24 KZ2y Final zone number in the axial direction.
25-30 KTI Material indicator.
KTlg = 1 (core)
2 (sodium)
3 (steel)
4 (argon) As used in the
5 (axial blanket) [ sample problem.
6 (radial blanket)
7 (plenum)
8 (water)
31-36 KT2) Material phase indicator.
KTZk = 1 (solids or lLiquids)
2 (vapor).
37-42 KTMy , Parameter describing the types of input

used for zone properties (p,E,P).
KTMg = 1: Input for all zones in this
section is on cards of type 10.

KTM = 0: Input for each zone in this
section is on cards of type 14.



Card
Type

8
(Contd.)

10

11

13

Columns

43-51
52-60
1-6

10-18
19-27

28-36
37-45
46-54
55-57

1-9
10-18
19-27

1-9
10-18
19-27
28-36

FORTRAN
Format Name

ZDD
(16) NMAT

(6F9.0,13)
AAy

BBy
CCy

CRHOy
CEy
CPy
KKKy

(6F9.0)
CWNy
CWBy
CPLGy

(8F9.0)

PPy,
VVia
PPk,
VVi,2

Description

Initial radial velocity, in cm/sec.
Initial axial velocity, in cm/sec.

Number of different materials.
NMAT must be equal or greater than any
KTl on cards of type 8.

Constants for equation of state (gaseous
materials): Core P = a exp[-b/(E +c)].

c | Argon P = a E p; used only when KT2y =
2 for the same material.

Initial density P, in g/cm’.
Initial energy E;, in dy'ne-cm/g.
Initial pressure Py, in dynes/cmz.

Number of PPy and VV| values on cards of
type 12. PPj and VV| represent Hugoniot
curve for the material.

If KKKk = 0, cards of type 12 are not used.

PB (see Eq. 27).

Parameter for strain calculations. If
CPLGk = 0, no strain calculation is re-
quired. If CPLGy > 0, radial, axial, and
angular strains are calculated for this
material. Value of CPLGk is the maximum
allowable strain of the material. Problem
will bg terminated when the strain in any
zone of the material exceeds CPLG.

n } Constants for stability criterion

Hugoniot-curve points; used only when
KKKi > 0.

(PH), Py are the pressure values inkilo-
(V/V ) bars on Hugoniot curve for the

%1 specified material k. (V/Va)l are
(pH)z the ratios of the specific volumes

for the (Py), values.
OZA0N Ui v

Use as many cards of type 12 as required: 0 < KKK =50.
Note: The Hugoniot curves on cards are in increasing order of V/Ve-

10-18

19-27

28-36
37-45

(8F9.0)

POk

ROK

EOk

GOk
cox

Constants for materials that are using the
Hugoniot table; used only when KKK > 0.

Initial pressure at which the Hugoniot curve

is calculated, in dynes/cml.

Initial density for the Hugoniot curve,

in g/cm’.

Initial specific energy for the Hugoniot
curve, in dyne-cm/g.

Y: Mie-Grineisen coefficient.

Y: Additional Mie-Gruneisen coefficient.

Used when material is steel for Py > 131 kb,
or water for Py > 136 kb.
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Card FORTRAN
Type Columns Format Name Description
e (213,7F9.0,213) Card input for individual zones; used only
when KTM) = 0 on card of type 8.
1=3 11,3 Zone number in the radial direction.
4-6 1.7 Zone number in the axial direction.
)
7-15 RCly 5 Radial dimension, in cm.*
16-24 ZCly 5 Axial dimension, in cm.*
25-33 RDOTy,;  Radial velocity, in cm/sec.*
34-42 ZDOTy;  Axial velocity, in cm/sec.*
43-51 RHOJ, 5 Density, in g/cml.
52-60 Erg Specific energy, in dy-ne-cm/g.
61-69 Pi.3 Pressure in dynes/cm?.
70-72 KTX], 7 Material indicator; same identification as
KTlk on card of type 8.
73-75 KTYy, g Material phase indicator; same identifica-
tion as KT2y on card of type 8.
15 (516,F12.0, Parameters to describe the plug and plat-
216,F12.0) form calculations (upper surface).
1-6 KPP Parameter that determines whether plat-
form motion is to be calculated.
KPP = 1: Platform motion is calculated
according to MZ + CZ + KZ = F(t), where
M is the total mass of the platform, KZ is
the spring force, CZ is the damping force,
and F(t) is the total force applied by the
system on the platform.
KPP = 0: No platform calculations.
7-12 KPP1 Radial-zone number at which the platform
starts.
13-18 KPP2 Radial-zone number at which the platform
ends (KPP2 = KPP1).
19-24 KPPX Number of CXj and CXDj values on cards of

type 16, where the spring force KZj vs Zj is
tabulated. If KPPX < 0, KZ is set to zero.

25-30 KPPC Number of CV] and CVDj values on cards of
type 17, where the damping force CZj vs Zp
is tabulated. If KPPC = 0, CZ is set to zero.

31-42 PMASS Total mass of platform, in grams.
Note: KPP1, KPP2, KPPX, and KPPC are used only when KPP = 1.

43-48 KPLI1 Parameter to determine plug calculations.
If KPL1 > 0, the total force applied by the
system on the plug is calculated.

KPLI! indicates the number of the first
radial zone of the plug.

*These values are the displacements and velocities at the lower left corner of the individual zone.
Note: When KTMy = 0 on card of type 8, cards of type 14 must be entered in the following order for each
section: First, cards having J = KZ1) arranged in the increasing order of I, i.e., from I = KRl to I =
KR2y; next, groups of cards having J = KZ1, + 1, KZ1) + 2, etc., until J = KZ2p. In each group, cards
are again arranged in increasing order of I, i.e., from I = KR1 to I = KR2).. KR1;, KR2,, KZ1,, and
KZ2 are defined on cards of type 8.
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Card FORTRAN
Type Columns Format Name Description
15 49-54 KPL2Z Number of the last radial zone of the plug.
(Contd.) (KPL2 = KPL1.)
55-66 PLUG Allowable plug force, in dynes. Problems

will be terminated when the force acting on
the plug exceeds PLUG.

Note: KPLZ and PLUG are used only when KPL1 > 1.

16 (8F9.0) KZj-vs-Z| table; used only when KPPX > 0
on card of type 15.
1-9 CX, Kz,
10-18 CXD, Z, KZj is the spring force, in dynes, for
19-27 cX: KZ, the displacement Zj, in cm.
28-36 CXD, zZ,

Use as many cards of type 16 as required.

Note: The KZj-vs-Z] values are entered in pairs in increasing order of Z, starting with

Zy (=0), Zy, ...y to ZKppPX-
17 (8F9.0) CZ|-vs-Z|table; used only when KPPC > 0
on card of type 15.

1-9 cv, cz,

0- 7 .

Hnad e Z" CZ] is the damping force, in dynes, for
19-27 CV, CZ, | the velocity Zp, in cm/sec.
28-36 CVD, Za

Use as many cards of type 17 as required.
Note: The Cil-va-il values are entered in pairs in increasing order of
Z], starting with Z, (=0), Z,, ..., to Zgppc-

18 [3(213,F12.0,213)] Parameter card for the free-surface
boundary condition.

The following parameters are associated with the*top surface (upper Z); they are used
only when KBl = 2. (See card type 2.)

1-3 KB11 Radial-zone number at which the free sur-
face starts.

4-6 KB12 Radial-zone number at which the free sur-
face ends.

Note: Boundary condition for zones outside KB1l and KB12 is fixed surface.

7-18 YMX Limiting axial dimension, in cm. Mesh
points on the free surface may move up to
YMX.

19-21 Mll Material indicator for space between free

surface and YMX. Same identification as
KT 1k on card of type 8.

22-24 Ml2 Material phase indicator for M1l material.
Same identification as KT2y on card of
type 8.
The following parameters are associated with the cylindrical surface; they are used
only when KB2 = 2. (See card type 2.)

25-27 KB21 Axial-zone number at which the free sur-
face starts.



Card FORMAT
Type Columns Format Name Description
18 28-30 KB22 Axial-zone number at which the free sur-
(Contd.) face ends.

Note: The boundary condition for zones outside KB21 and KB22 is a fixed surface.

31-42 YMS Limiting radial dimension, in cm. Mesh
points on the free surface may move up to
YMS.

43-45 M21 Material indicator for space between free

surface and YMS. Same identification as
KTIlk on card of type 8.

46-48 M22 Material phase indicator for M21 material.
Same identification as KT2y on card of
type 8.

The following parameters are associated with the bottom surface (lower Z); they are
used only when KB3 = 2. (See card type 2.)

49-51 KB31 Radial-zone number at which the free
surface starts.

52-54 KB32 Radial-zone number at which the free
surface ends.

Note: Boundary condition for zones outside KB31 and KB32 is fixed surface.

55-66 YMN Limiting axial dimension, in cm. Mesh
points in the free surface may move up to
YMN.

67-69 M3l Material indicator for space between free

surface and YMN. Same identification as
KT 1k on card of type 8.

70-72 M32 Material phase indicator for M31 material.
Same identification as KT2) on card of
type 8.
19 1-6 (16) NPP Number of zones for which pressures and/or

displacements are printed after each cycle.
These values also may be displayed using
the Calcomp option. (See card type 29.)

20 1-6 (1216) KXP, First radial-zone number.
7-12 KYP, First axial-zone number.
13-18 KXP, Second radial-zone number.
19-24 KYP, Second axial-zone number.
KXPj, KYPj define each zone to be displayed; j = 1, 2, ..., NPP (0 = NPP =< 6). The

signs before KXPj and KYPj indicate the type of information to be displayed.

KXPj >0
Pressure.
KYPj > 0

KXPJ- < 0] Radial displacement of the
KYP;j > 0 lower left corner.

Kij > 0] Axial displacement of the lower
KYPj < of left corner.

Note: Card type 20 is used only when NPP > d.

21 1-6 (216) NTW Number of reactor vessels.
7-12 NTM Number of different materials used for the
vessels.

T



Card
Type Columns

Format

FORTRAN
Name

Description

The following card types are used only when NTW > 0.

22 1-6 (516,2F12.0) Ml Radial-zone number for the vessel wall.
7-12 MJj Axial-zone number for the vessel bottom
plate.
13-18 MTH;j Material number for the vessel bottom
plate.
19-24 MTVj Material number for the vessel wall.
25-30 MTCj Describes type of support for top of vessel:
MTCj = 4: simply supported.
MTC;j = 5: fixed.
MTCj = 6: free.
31-42 THHj Thickness of vessel bottom plate, in cm.
43-54 THVj Thickness of vessel wall, in cm.
Use as many of cards of type 22 as required; j =1, 2, ..., NTW (0 = NTW = 10).
23 (5F12.0,16) Vessel card properties.
1-12 XMEg Modulus of elasticity, in dy'nes/cml.
13-24 XYPy Yield point, in dynes/cml‘
25-36 XEUgk Ultimate strain, in cm/cm.
37-48 XRHO, Material density, in g/cm’.
49-60 KPRk Poisson's ratio.
61-66 KNP Number of XSS; and XSR; values on cards

of type 24.

Use as many cards of type 23 as required; k=1, 2, ..., NTM (0 =NTM = 10).

Use as many cards of type 24 as required; i

(8F9.0)

XSS,
XSRy,
XSSk,
XSRg,2

Stress-strain curve points; used only when
KNPk > 0.

»
XSSk,i are the stress values, in dy-nes/cmz.
for the specified material k.

XSRy,j are the strain values for XSS, ;
points.

=1, 2, ..., KNPy (0 = KNPy = 50).

Note: The stress-strain curves are in decreasing order of stress values.

The following cards are used only when IOUC > 0.

24
1-9
10-18
19-27
28-36
25 1-6
26

(16)

(1216)

N

IX1)
IX2,

541

Number of lines on the grid that are to be
repeated to provide heavier outline for film
output.

Specification of the lines that are to be re-
peated; used only when N > 0 on card of
type 25.

Starting mesh-point number of the first line
(in radial direction).

Final mesh-point number of the first line
(in radial direction).

Starting mesh-point number of the first line
(in axial direction).
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Card FORTRAN R
Type Columns Format Name Description
26 19-24 JX2, Final mesh-point number of the first line
(Contd.) (in axial direction).
25-30 I1X1, Starting mesh-point number of the second
line (in radial direction).
Use as many cards of type 26 as required, three lines per card.
Note: For each line J, either IX1y = IX27 or JXlJ =JX25;,J=1,2,..,N (1= N =50)
27 1-6 (16,F12.0) NNM Number of pressure curves for each
displayed cycle.

7-18 PMAX Maximum pressure, in dy-nes/cmz, that can
be plotted.

28 (1216) Specification of the lines for which the pres-
sure is plotted; used only when NNM > 0 on
card of type 27.

1-6 NX1) For positive NX1;, program plots the pres-
sure for all axial zones (25 - J = 2,

1 JMAX + 1) at the radial zone R = NX1;. For

512 a7 negative NX1;, program plots the pressure
for all radial zones (Ry - 1 = 2, IMAX + 1) at

13-18 NXl3 the axial zone Z = NX1j.
Use as many cards of type 28 as required, 12 numbers per card; i = 1, 2, ..., NNM
(1 =NNM = 50).
29 [16,(6F12.0)] Calcomp option card.

1-6 KCAL KCAL > 0: Program draws Calcomp plots
of plug force and the values specified on
cards of types 19 and 20 vs time.

KCAL = 0: No Calcomp plot.

7-18 SCT Scale for time axis (horizontal). SCT is the
number of seconds per inch of plot. If SCT =
0.0 or blank, the program sets SCT = 0.001.

19-30 SCT1 Scale for plug force (vertical axis). SCT! is
the number of dynes per inch of plot. If
SCT1 = 0.0 or blank, the program calculates
the optimum scale.

31-42 SCTK]) Scale for first value described on input cards
of types 19 and 20 (vertical axis). If SCTK, =
0.0 or blank, the program calculates the
optimum scale.

43-45 SCTK, Scale for second value described on input

Use as many cards as required; K = 1, 2, ...

B. Computer Output

1. Standard Program Printout

(1)
(2)

Title of problem
Input data

cards of types 19 and 20 (vertical axis). If
SCTK, = 0.0 or blank, the program calcu-
lates the optimum scale.

, NPP (0 = NPP = 6).
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(3) Total energy

(4) For each cycle

(5)

(a)
(b)
(c)

Full accuracy output (see Subsection l.a below)
Limited 2-D output (see Subsection 1.b below)

Time (sec); total internal energy (dyne-cm);
total kinetic energy (dyne-cm); and total energy
(dyne-cm)

Cycle number; time; time interval (D-TIME);
maximum distortion index (DISTORT); location
of the maximum distorted zone; maximum (cal-
culated) White stability number (WMAX) and its
location

Plug force and other values requested on input
cards of types 19 and 20. (These values are also
printed at the end of each run.)

Reason for termination of run (if other than specified
on input card type 3).

a. Full-accuracy Output

When IOUA > 0, a full- accuracy printout is given for each
IOUA cycle, subject to the limitation in INUMBA (See input card type 4
for explanation of IOUA and INUMBA.)

(1)

(a)
(b)
(c)

For each cycle

Title of problem
Cycle number

Time

For each zone

Eleven columns, consisting of integers I and J; Rp j;
Zy 53 RI I ZI 7+ Pr 5 VPy i Eq 55 pp g and material
and phase indicators.
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when IOUB > 0.
properties:

Ry j, 21,7 = position of lower left corner of zone I,J
(in cm).
RI I ZI,J = velocity of lower left corner of zone I,J

(in cm/sec).

Py j = total pressure (in dynes/cmz).

b . / 2
VPp j = viscous pressure (in dynes/cm?).

Ej,j = internal energy (in dy'ne—cm/g).

p1,7 = density (in g/cms).
Note: For the initial data (cycle = 0), M(I’ 3 is printed

instead of VPj j, where M?,J is thé mass (in

grams) of each zone.

Limited 2-D Output

This integer output is printed for every IOUB cycle, only
It is in the form of a matrix and includes the following

(1) Initial radial position of the grid points (Rg J).
(2) Initial axial position of the grid points (Zg J).

Note: Items 1 and 2 are printed only when cycle
number = 0.

(3) Radial displacement of the grid points from the initial
position.

(4) Axial displacement of the grid points from the initial
position.

(5) Radial velocity of the grid points.
(6) Axial velocity of the grid points.
(7) Total pressure of the zones.

(8) Viscous pressure of the zones.

(9) Specific internal energy of the zones.
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(10) Density of the zones.

(11) Radial strain of the zones.
(12) Axial strain of the zones.
(13) Angular strain of the zones.

More specifically, each page of printout is prefaced by the
problem title, property definition, time, time interval, cycle number, maxi-
mum absolute value, and scale factor used. This is followed by a matrix
(maximum 50 x 25) of the property values, where the rows indicate radial
and the columns indicate axial direction. Numbers are printed on the top
and left side of the matrix to indicate the position of each zone in the grid.
If the grid size exceeds 50 x 25, the printout continues on successive pages
until the grid is completed.

To obtain the printed integers, the program multiplies the
calculated property values by the indicated scale factor and then truncates.
The maximum number of integers for each property is limited to 4; thus
the maximum number printed is +9999. If all calculated values are zeros,
the matrix output is omitted.

2. Pictorial Display (IBM-2280 Film Recorder)

Pictorial displays of the grid displacement and pressure can be
obtained for every IOUC cycle, only when IOUC > 0. (See input card
type 4.) -

a. Grid Displacement. The program draws the grids for
specified cycles according to the input on cards of types 25 and 26, and then
obtains the required film output. Cycle number and time (in seconds) are
drawn at the top of each grid. (Note: The lower left corner of the picture
indicates the position of R; ; and Z; ,.)

b. Pressure. If a pressure display in either the axial or
radial direction is specified, the program plots the pressure of each zone
(at the lower zone mesh point) in the specified direction, and then draws
the interconnecting vectors. (Note: The zone number in the other direc-
tion is constant.)

To ensure uniform scaling of the plots, the expected maxi-
mum pressure must be specified. (See input cards of types 27 and 28.)



3. Calcomp Display

This display is executed at the end of a problem, but only when
KCAL > 0. (See input card of type 29.)

When executed, the program plots, as a function of time elapsed,
the total force applied on the plug by the system. It also plots, as a func-
tion of time, the values described on input cards of types 19 and 20.

Each of the above plots has its own vertical and horizontal axis.
The latter always represents time, and its scale is specified on an input
card of type 29. Scales for the vertical axis (10 in. allowed) may be speci-
fied on a card of type 29; if not, the program finds the optimum scale from
the calculated values. On all plots, consecutive points are interconnected
with vectors.

C. Program Limitations and Subroutines

1. Limitations

Number of Not to exceed
(1) Grid zones 5000
(2) Different materials 20
(3) Different sections 20
(4) Points for Hugoniot curve(s) 50
(5) Points for KZ-vs-Z and

CZ-vs-Z tables 50
(6) Lines repeated for pictorial

display 50
(7) Different pressure plots per

cycle 50
(8) Reactor vessels 10

(9) Points for stress-vs-strain
table for reactor material 50

(10) Cycles per run for Calcomp
display 1000

(11) Different plots for Calcomp
display . 7



2. Subroutines

To execute the pictorial display, the program uses the subrou-
tines described in, A Film-Plotting Subroutine Package (FSP) for the IBM
Film Recorder, by D. Carson (Argonne AMD Technical Memorandum
No. 167, June 17, 1968).

To execute the Calcomp display, the program uses the subrou-
tines described in, S/360 Programming Techniques for the Calcomp 780,
by R. F. Krupp (Argonne AMD Technical Memorandum No. 130,
January 6, 1967).

IV. SAMPLE PROBLEM

A. Reactor Configuration

The reactor is of the oxide-fueled pancake type having a core height
of 50 cm. The fuel is contained in stainless steel pins supported in a stain-
less steel grid plate and cooled by liquid sodium. With reference to Fig. 3,
the core is surrounded by a radial blanket, an upper blanket and plenum, and
a lower blanket. The sodium is blanketed with argon gas and is contained in
a steel vessel. This vessel is installed within a concrete cavity that has a
rotating shield plug in the platform at the top. Because of the axisymmetry,
only half the cross section is shown in Fig. 3. The grid plate is not included
in the analysis.

B. Excursion Model

It is assumed that at the start of the power excursion the core is
molten and the sodium has been expelled from the core region, but the blan-
kets are intact. The energy release during the excursion is so rapid that
the molten oxide fuel is vaporized and superheated to a high temperature
and pressure. At the end of the excursion, the core consists of only high-
pressure oxide vapor, but is still surrounded by the core blankets and liquid
sodium in their preexcursion state.

C. Equations of State

The equation of state for core oxide vapor is assumed to have the
form

P = Bexp(-E—Sl—)), (48)

where
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P = pressure,

E

internal energy,
and the constants B and C, for p (in dy‘nes/cmz) and E (in dyne-cm/g) are

B T:6'x 10**

and

C = 5.88 x 10%9,

The constant D is taken to be zero.

The equations of state of the core blankets, plenum, steel, and
sodium are given by Eq. 18; values of py for sodium and steel are taken
directly from Ref. 6.* The core blankets and plenum are made up of
several different materials. The Hugoniot of these composite materials
can be constructed from the experimental Hugoniot of the individual ele-
ments, using the method outlined in Appendix B.

The equation of state for argon is given by

s (n-‘ll)E, (49)

where 7) is the isentropic exponent. For the sake of simplification, this
value is taken to be 1.4. ‘

D. Boundary Conditions

The boundary conditions are as follows:

1. At the inner circumferential surface of the primary cavity, the
radial velocity of particle is zero at all times; i.e., r(49,J) = 0, where
R TN o T

2. At the top and bottom of the primary cavity, the axial velocity
of particle is zero at all times; i.e., z(I,2) = z(I,50) = 0, where I = 2,

Sy wney 2.

E. Initial Conditions

Numerical solution of finite-difference equations requires that
initial values for all parameters be known at time t = 0. In the sample

*The values for sodium were the shock adiabats of the solid-phase sodium. However, the deviations of
pPH~-V values between the solid-liquid phases are believed to be small.

41
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problem, this is the time when the neutronics have ceased. Ther‘efore, the
pressure, internal energy, etc., obtained from the power-excursion calcula-
tions are the initial values of this problem. For purposes of checking the
2-D hydrodynamics code, initial values obtained from MARS calculation’
have been modified. The assumed pressures and specific internal energies
in the vaporized core are as tabulated below, where the upper values are
pressures, in kilobars, and the lower values are specific internal energies,

in joules.

R(I)

Z(J) 2-18 18 20 21
8.8 8.8 8.8 8.8
i 1318 1318 1318 1318
26.4 26.4 26.4 8.8
el 1750 1750 1750 1318
44.0 44.0 26.4 8.8
tincald 2063 2063 1750 1318
52.8 44.0 26.4 8.8
fe el 2205 2063 1750 1318

F. Results and Discussion

The outputs of the computer code are displacements, velocities,
pressures, specific internal energies, densities, and strains. Here, the
displacements and pressures are given in the form of pictures. Figures#4
and 5 show the time sequence of deformations of the Lagrangian meshes.
The pressure profiles along the core vertical centerline [R(I) = 2] and the
core horizontal axis [Z(J) = 26] at various times are shown in Figs. 6 and
7, respectively.

There are two destructive elements in a nuclear excursion: the
initial shock wave, and the vapor pressure. The shock wave travels faster
than the speed of sound, compresses the media it encounters, and imparts
a velocity to the medium behind the front. After passage of the shock wave,
the fluid particles move outward at very high speed in the direction of the
shock wave. As a result, an impulse (often called the fluid momentum) is
produced on the primary reactor-containment structure.

The second destructive element is a quasi-static pressure, as
opposed to the short-duration pressure produced by the shock wave and
the fluid momentum. The time needed for this destructive element to be-
come significant would be of the order of 0.1 sec. The numerical method
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1=158 usec

12158 usec

1% 282 usec _\
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L\/Csz b
12502 usec
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|
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113-1945 113-1946
Fig. 6. Pressure Profiles along Fig. 7. Pressure Profiles along
Core Vertical Center~ % Core Horizontal Axis
line at Various Times at Various Times

Figures 6 and 7 show that, as expected, the magnitude of the peak
pressure decreases as the shock wave propagates through the core into
the surrounding media. The compressive effect of the shock wave is evi-
dent from the increase of the pressure pulse in the steel vessel. In Fig. 6,
the pressure pulse in the steel vessel reaches its maximum value at
t = 502 usec. However, as soon as the compressive wave reaches the
steel-argon interface (t = 722 usec), a rarefaction wave is reflected back
into the steel, with a consequent large reduction of the peak pressure in the
shock wave. Figures 6 and 7 also show that a small compressive wave is
transmitted to the argon-gas blanket.

The effect of fluid momentum is shown in Fig. 5. Motion of the
fluid particles due to the passage of the shock wave causes the reactor
vessel to deform and the argon gas to decrease in volume. This action
continues until the gas pressure has increased to a point such that the
direction of the fluid particles is reversed. Figure 6 shows that the pres-
sure in the argon gas has increased considerably at t = 810.75 usec.



The computation was terminated at t = 811.28 usec, when the force
acting on the plug exceeded the strengthof the plug holddown device. Atthat
time, the maximum tensile strain in the reactor vessel was about 0.0084.

To determine the maximum pressure and force that can be pro-
duced in the excursion, the computation was continued by assuming that the
plug can be rigidly secured to the platform. Figure 8 shows the oscillating
nature of the pressure at a typical mesh zone underneath the plug from
t =811.28 to 1350 usec. There are several peaks, a maximum peak of
33.3 kb occurring at t = 892 ysec. At each peak, the direction of the fluid
motion is reversed and the pressure decreases. However, when the re-
versed fluid collides with the oncoming fluid, the direction of the fluid
motion reverses again, and this, in turn, causes the pressure to rise again.
This pulsation of pressure continues untila quasi-static state is reached.

i T R R = T T ' T

o
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I

1

Fig. 8
Pressure-Time Curve
s at Mesh Zone (2.49)
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Figure 9 shows the total force acting on the rotating plug as a func-
tion of time. This force is also oscillating, the maximum being about
6.44 x 10" dynes. The impulse acting on the plug is given by

060
o
Yoso—
Fig. 9 b
Total Force Acting on 5040—
the Rotating Plug as a &
[
Function of Time 030—
020
800 900 1000 1100 200 1300
113-1941 TIME, psec

' If the plug holddown device is designed to restrict plug movement
during the excursion, it must be strong enough to resist this impulse.
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APPENDIX A

Momentum Equations for Solid Materials
Having Tensile Strength

At high pressures, the mechanical properties of the solid material
can be described by using a compressible-fluid model. Thus, during the
shock compression, the momentum equation that was developed for fluids
can be used for solids too. However, as the material recovers from the
shock loading, or the material is under tension, the tensile strength of the
material becomes important. This is particularly true in the case of a
cylindrical shell, where the radial movement of the shell produces mem-
brane forces and where the tensile strength of the material is the most
important mechanism for stopping the motion of the shell. Thus, for re-
actor vessels, the effects of the tensile strength of the vessel material on
vessel motion must be included in the formulation of the momentum
equations.

The reactor vessels considered in this report must be concentric
right circular cylinders. Like the other media, the vessel wall is divided
into zones by grid lines. The tensile strength of the vessel is assumed to
be concentrated at one of the grid lines that divide the vessel wall into
zones. If the vessel thickness is relatively small compared to other dimen-
sions, it may be represented by a single line; i.e., steel is assumed to be
concentrated at this line. In this case, the shock-wave propagation in the
vessel is ignored; therefore deformations of the vessel in the direction of
the wall thickness will not be calculated. For both cases, the momentum
equations in finite-difference form are as follows:

L

1. Cylindrical Shell

Let the I line in Fig. 2 be the middle plane line of the cylindrical
shell. Also, assume that the tensile strength of the vessel is concentrated
there. The acceleration in z direction is given by Eq. 35; i.e.,

= 1
“L3 = (&), J[(PI,J -Pp gty - T yo1 YT, T T, g)

-(Pry, 5= Py 341 5o F e, " e, (a.1)

where
(Ap),y = ApgPp,5tAL-1,3P11, 7t A1-1,7-1P1-1,5-1 T ALT-1PLI-1-

If a single-line vessel is used, the mass of the vessel must be included in
the term (Ap)I I The acceleration in the r direction is given by
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= 1 - 2 - )
= —— (P =Py ;Mo 541 - %1,3-1 ¥ %1-1,5 5 71610
rI,J (AP)I,J{ I-1,J-1 LJ

BT E J)(ZI,J+1 = Zpr (M R ZI-I,J)]

h
S |:0—1 al(e) }, (A.2)
T

where
1
2 212 o 2
£ = %{[(ZI,JH -2y 1)+ (v g1 - T g) 12+ [z, 5~ 2, 5.1)
1
212
oy T 5)] }
h; = thickness of the cylindrical shell,
0
X BRI
€ = strain = T T
"Ly
and
o(e) = stress obtained from either the actual stress-strain curve

or the power- or linear-strain hardening approximations.

In Eq. A.2, the first bracketed term is the acceleration due to pres-
sure gradient, and the second bracketed term is the deceleration due to the
membrane strength of the vessel. Again, if a single-line vessel is used,
the mass of the vessel must be included in the term (Ap)y, 7.

2. Bottom Plate

Let the J line in Fig. 2 be the middle plane line of the bottom plate.
Also, assume that the membrane strength of the plate is concentrated
there. The acceleration in the r direction is given by Eq. 35; i.e.,

el
LI T Tapk b0PLy = Pr-1,3-1008 py = S5 3]ty ip e A
2t

-Pryr-Prro) e - 2ot e, g - 2o ) (A.3)



The acceleration in the z direction is given by

. 1
“LI 7 [&p); J[(PLJ g SRR U ENE R BRL W LR )

= (Pra1,5-Pry-1)rg41 - 1,521 7141, 5 - 1y )

4 Iph, 1
g (Ap)I,J{(AR—_)-z[(ng,J - 2p51,5) - 2021 5 - 7y 5)

1

0 0

ey, 520,00 o+ same— (2140, - 2101, 0)
(RMrp §

*
0
“ (s 5- zl_l,J)]oee}, (a.4)
where
4 2 2 3
i 7 3 2
b2 = 2{[(Z1+1,J 2p ) * (rpyy,5- 7, 1))
1
+ (g5 -2y g + (e g1 %),
h; = thickness of the plate,
= _ 1 )
AR = Flrpyy 5Tl
»
g = radial stress,
and

tangential stress.

%e

Again, the mass of the bottom plate must be included in the term (Ap); 7,
if the vessel is represented by a single line.

The stresses o., and Ogg are computed from

- Es
Orr = T y€rrtvegg)

and > (A.5)
Eg
Ogg ~ - vz(€66+1’€rr)
4% 140

*The two terms in the bracket are —~ g and = —¢ 8-
a2 T ra ©
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where
Es = modulus of elasticity,
v = Poisson's ratio,
__ag, 1[(am\®, (am\°
[= i radial strain = d—r+-2—|:(?£) + (a-) ],
: u
€gp = tangential strain = r_'
i = radial displacement,
and
W = axial displacement = Zg,_] S E

The radial displacement of the plate is assumed to have the form?'?

— =y
w
7= r(b-r)<1.185£§--1.75r —j) (A.6)
b b

where
b = radius of the plate,
and

Wo

axial displacement at the center of the plate.

Equation A.5 assumes that the material behaves elastically. If the
plate is stressed beyond the elastic limit, we assume that the Mises yield
criterion applies. Therefore,

(S

(Ui‘r - Orr9g +059) = o(e), (ALT)

where o(€) is the yield stress in tension, a function of the effective strain
€. The value of o(€) can be obtained from the actual stress-strain curve or
from the power- or linear-strain hardening approximations. The effective
strain € for a Mises material is given by

N
(3)

[N

€ = —glel +e 600 tehp) (A.8)

o=



If the value of

N

2 2
(orr ~O%rr%ep +°99)

is greater than o(€), the stresses computed from Eq. A.5 must be adjusted
according to

a(e) )

0,..(adj) = o )%

rx 8 0 2
(Orr orr069+069

and > (A.9)
al(e)

o s SR
crr orr099 +069)2

Ogg(adj) = %6
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APPENDIX B

Equation of State for a Group of Mixed Materials

As stated on p. 11, solution of the four hydrodynamic equations re-
quires an equation of state of the form given by Eq. 18. Thus, analysis of
the hydrodynamic response of a primary reactor-containment structure to
high-energy excursions requires knowledge of the equations of state of the
reactor materials.

In the numerical solution, the media under consideration are divided
into meshes. For media like sodium, steel, and argon, this presents no
problem, because there is only one material. Also, when divided, each mesh
contains only one material. Experimental Hugoniot data for individual ma-
terials are available in the literature. They can be found, for example, in
Ref. 6. (Note: Although the referenced experiments were performed under
conditions different from a reactor environment, the results can be readily
modified for use in excursion calculations.)

In contrast, division of media like the core blanket and plenum into
meshes presents a problem because these media comprise several materials.
Also, the meshes usually are not sufficiently fine to confine one material to
each mesh zone. Consequently, a Hugoniot curve is needed that will de-
scribe the pressure-volume relations for a mixture of materials. Unfor-
tunately, none of the existing experimental data are available for such
mixtures; therefore it is necessary to develop a method of constructing a
Hugoniot curve from available Hugoniot data for individual materials.

The method used in the present analysis is similar to that employed
by Goranson et a_l.“ in determining the dynamic compressibility of metals.
The basic assumptions are: (1) All components of the mixture within a
mesh zone are under the same pressure Py and at the same temperature;
and (2) all components remain intact under pressure.

1. Mixtures Containing Liquids and Solids

It is relatively easy to construct an equation of state for a mixture
of several liquids and solids, because the Mie-Griineisen type of equation
of state is applicable to both liquids and solids.

For example, consider a mixture that has n components. The initial
volume is

oy

R0 ¥ois : (B.1)

-
]
-



where ¥,; is the initial volume of the individual component. For a specific
value of PH» the total volume of the mixture becomes

iv i:_ : 2( ) Yo, (B.2)

= pH

where ¥; is the volume, and (Vi/voi)pH is the relative specific volume of
the individual component. The value of Vi/voi is determined directly from
the Hugoniot curve for the individual element.

Next, the relative compression of mixture is obtained from
Eqgs. B.l and B.2:

n
v Vj ¥oi
e = Z AL LS (B.3)
1 0i/py Yo

where V/’Vo is the relative volume of the mixture at pressure py, and
voi/vo is the volume fraction of the ith component. A plot of py versus
(V/Vo)pH as determined by Eq. B.3 yields the Hugoniot curve of the mixture
of n components.

2. Mixtures Containing Gases, Liquids, and Solids

In mixtures containing gases, liquids, and solids, the process of
shock compression is more complicated than in mixtures containing liquids
and solids. As a first approximation, the gases can be treated as internal
voids; i.e., the mixture is considered a porous material. Therefore, at the
beginning of the shock compression, the work of the external pressure is
used in closing up the voids, in packing the material and reducing it to a
standard volume, i.e., a volume that contains no internal voids. The work
of the external pressure in compressing the gases is neglected. (For prac-
tical purposes, this work is small and can be taken equal to zero.)

For example, let V, be the standard specific volume of the mixture,
and Voo the specific volume of the porous mixture. Then construct a py
(V,Vy) curve for the continuous mixture (i.e., a mixture with no internal
voids), using the method outlined in Section 1 above. Next, with the assump-
tion that the Mie-Gruneisen's coefficient y is a function of volume, the
Hugoniot curve of the porous mixture can be approximated by

PH(V,Voo) = py(V,Vo) + < [E(V Voo) - E(V,Vo)], (B.4)
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where

E(V,Voo) = %pH(VrVDO)(VOO -V)

and (Bls5]
E(V,Vo) = 3py(V,Vo)(Vo-V)

are the internal energy of the porous and continuous mixture, respectively.

Finally, substitute Eqs. B.5 into Eq. B.4 and simplify to obtain

Vo
1+ ‘—/—
. 00
Py(ViVoo) = |1+ 7 PH(V.VO): (B.6)
= Kl
Voo
where
2
K=<+1
gy

Thus, the Hugoniot plot of a mixture is represented by a straight line on
the axis V from Vg, to Vy, and then a curve from V, to V according to
Eq. B.6.
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APPENDIX C

FORTRAN Program Listing

MAIN PROGRAM

JeGVILNYS-2/27/68

TWO=NDIMENSIONAL RFACTOR ACCIDFNT ANALYSIS

IMPLICIT RFAL*B(A=-H,N-7)

COMMNON /0/ R(5500),2(5500),RDOT(5500),7PNT(5500),RO(5500),Z0(5500)
1yMZERD(5500),4E(5500),P(5500),RHO(5500),VP(5500),SC(5500),KTX(5500)
24yKTY(5500) yKMX(5500) ySSR(5500),SSZ(5500),SST(5500)

COMMON TMAX  JMAX, TMAX] g JMAXL, I MAX2 ) JMAX2 3 TMAX3, JMAX34NCYCL,
1IW, JW,ISTNP,100,JQ0,IDM,JDM,KPR1,KB2,KB3,KPP,KPPL,KPP2,KPPX,KPPC,
2KPLLyKPL2yKB11,KR12,KP31,KB32,NPP,NCL4XXP(20),KYP(20),KXYP(L000)
3,KR21,KB22,M114M12,M21,M22,M3]1,M32,KNX(10),I00T
AyMI(10)4MI(10) yMTHIL0),MTV(10)4MTC(10),MTX(1000),MTP(1000),KNP(10)

COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22010) 3 11Xy 12Xy J1XeJ2X4KK(120)

COMMON /A/ DELT,DELTOsTIME,DIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P0(20),F0(20),6G0(20),CO(20) ,AA(20),BB(20),CC(20),VN(20),CCP(20),
2CCK(20)4CPLG(20),CRHO(20),CE(20),CP(20),CWR(20),CWN(20),CX(50),
3CxD(50),CV(50),CVD(50),CX1,CX2,CX3,PMASS,FZERD,EB,PLUG,PRS(6,1000)
43 TMF(1000),PLGF(1000),YMX,YMS,YMN,CRPL,CRP2,CRP3,CRE]1,CRF2,CRE3,
SRHOL4RHD2,RHO3, ZERM1,ZERM2 4 ZERM3 ,XYP(10) yXEU(L10) 4TKE,TIE,TM, YMXOD
69 THH(10) s THV(10), XME(10),XRHO(10),XPR(10),XSS(10,50),XSR(10,50)

T4+ XDRT

REAL*4 SSR,SS7,SST,VP,R0,20,SC,RDOT, ZDOT,MZERD

REAL¥4 TME,PLGF4PRSyTITLE,TIN

INTEGER*2 KTX,KTY,KMX

FORMATS FOR MAIN PROGRAM

500 FNORMAT(18A4)

502 FORMAT(5146,3F12.0)

503 FORMAT(AFL12.0)

504 FORMAT(1216)

506 FNRMAT(1H1,20X,18A4)

508 FORMAT(1HO,' NO OF R ZONES =',13,' NO OF Z ZONES =',13,

1' INITIAL D=TIME =',F15.7)

510 FORMAT(1HO,' LIMITING CONSTANTS'/1HO,' MAX CYCLES =',I5,

1' MAX TIME =',E15.7,' MAX DISTORTION =',E15.7,

2' MAX D=TIME =',E15.7)
512 FORMAT(1HO,' OUTPUT PARAMETERS')
514 FORMAT(1HO,' DETAILED FULL ACCURACY PRINTOUT EVERY ',13,

L' CYCLE UNTIL'4I6,' PRINTOUT')

516 FORMAT(1HO, ' LIMITED ACCURACY DISPLAY PRINTOUT OF 2D RESULTS EVERY
19413y CYCLE")

518 FNRMAT(1HO,' PICTURE DISPLAY EVERY ',13,' CYCLE')

520 FORMAT(1HO,' INITTAL WMAX=',E15.7,' D-TIME="',E15.7)

522 FNRMAT(1HO,' CHANGED WMAX=',E15,7,' D-TIME="',E15.7)

524 FORMAT(1HO,' AT CYCLE',IS,' TIME=',E15.7,"' D-TIME="',E15.7,
L' DISTORT="',F15.7+"' AT ZONE *,214,/' WMAX="',E15.7,' AT ZONE',214)

526 FORMAT(////+" HYDRODYNAMICS ERROR STOP')

528 FORMAT(1HO,' CALCULATED WMAX=',E15.7,' D-TIME=',E15.7)

30 FNRMAT(1HO,' ADJUSTED WMAX="',E15.7,"' D-TIME="',E15,7)

532 FNRMAT(1HO,' STOP WMAX GREATER THAN 0.14')

534 FORMAT(1H1,5HCYCLE,5X,4HTIME,7X,10HPLUG FORCE,2X,12HPRESSURE AT ,
1213,5(8X,213))

536 FORMAT(16,2E14.6,4X,6E14.6)

no 20 1=1,5500

R(I)=0.

2(1)=0.

RCOT(I)=0.

7007T(1)=0.

RO(IVN=0.

IN(1)=0.

MZERO(T)=0.

E(I)1=0.

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
ools
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062

wm

w



20

24

25

26

27

P(I)=0.
RHO(T1)=0.
VP(1)=0.
SC(1)=0.
SSR(I)=0.
SS7(1)=0.
SST(1)=0.
KTX(1)=0
KTY(1)=0
KMX(I)=0
CONTINUF

D0 24 1=1,10
MI(I)=0

LNED!

THH(T)=0.
THV(T)=0.
XME(1)=0.
XPP(1)=0.
XRHO(T)=0e
PN 26 J=1,50
XSS(1,J)=0.
XSR(1,J)=0.
CANT INUE

DN 25 1=1,20
PO(T1)=0.
EN(I1)=0.
GN(1)=0.
CN(I)=0.
AA(I)=0.
BR(I1)=0.
CC(T1)=0.
VO(I)=0.
CCP(I)=0.
CCK(I1)=0.
CPLG(TI)=0.0
CW3(1)=0.
CWN(T)=0.
KXP(11=0
KYP(I)=0

DO 25 J=1,50
PP(I,J1=0.
VV(T,J)=0.
CONT INUF

no 26 J=1,50
CX(J)=0.
CV(J)=0.
CXD(J)=0.
CVD(J)=0.
CONT INVE

nn 27 1=1,1000
MTX(TI)=0
MTP(I)=0
KXYP(I)
TME(T)=
PLGF (1)

CONT INUE

READ 500, (TITLE(I)yI=1,1E)

INITIAL CONFIGURATION

REAN 5024 IMAX, JMAX yKR]1,yKR2,KB3, TIME,DELT,DELTM
LIMITING CRITERIA CONSTANTS

0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
00699
0100
o101l

0102

0103
0104
0105
0105
0107
o108
010°

0110
o111l

o112

o113

0114
0115

0116

0117
0l1R

o119

0120
0121

0122

0123
0124
0125
0126
0127
0128
0129



<0
60
20
100
110

120

122
124

126

128

130

140
150
160
170
180

184
186

188

190

READ 503,CYCLM,TMAX,DISTM,DE1,DE2
TIN=TIMF

IFICYCLM)50,40,60

CYCLM=10000.

IF(TMAX)100,R0,100

TMAX=10000.

IF(DISTM) 120,110,120

DISTM=10000,

OUTPUT CONSTANTS

READ 50¢,10UA, INUMBA,I0UB,I0UC,I0UT

JQO=10UB

MCYCL=CYCLM

CXl=1.

Cx2=1.

CX3=1,

IF(KBl.FQ.0)GN TO 122
CXl==1,
IF(KR2,EQ.01GD TN 124
Cx2==1.
IF(KP3.,EQ.0)GO TO 126
CX3==1,

CONT INUE
IF(DEL.NE.0.0)GO TO 128
DE1=0.001

PE2=0.005

CONT INUF

PRINT 506, (TITLE(I),I=1,18)
PRINT 508, IMAX,JMAX,DELT
PRINT 5104MCYCL,TMAX,DISTM,DELTM
PRINT 512
IF(I0UA)140,4140,130
PRINT 514, 100UA, INUMBA
TNUMRA=TNUMBA~1
IF(IOUR) 160, 160,150
PRINT 516,10UB
IF(I0UC) 130,180,170
PRINT S518&,10UC

CONT INUE

IMAX1=TMAX+1
IMAX2=TMAX+2
IMAX3=1MAX+3
JMAX1=JMAX+]1
JMAX2=JMAX+2
JMAX3=JMAX+3

1P1=2

1P2=26

IX=1MAX /25
IF(IX)18€,186,182

DO 184 I=1,1X
J1itl)=1PL

112(1)=1P2

121(1)=1P1

122(1)1=1P2

IP1=1P1+25

1P2=1P2+25

CANT INUFE

IXX=IMAX =1X%*25
IF(IXX)1°0,190,188
I1X=1X+1

12x=11X

I1Ix)=1el
112(11x)=1MAX]
121(12X)=1P1
122(12Xx)=1MAX2

GN TO 1°©2

Ix=Ix

12X=1Xx+1

0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
o170
0171
o172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0194
0185
0186
0187
o188
0189
0190
0191
0192
0193
0194
0195
0196

57



58

192

19¢

196
198

200

202

204

208

210

219

220

240
260
280

300

350

121(12x)=1P1
122(12X)=1MAX2
JP1l=2

JP2=51

JX=JMAX /50
IF(JX) 198,158,194
D0 196 I=1,JX
J11(I)=JP1
J12(1)1=JP2
J21(1)=JP1
J22(11=4pP2
JP1=JP1+50
JP2=JP2450
CONTINVE

IXX=JMAX =JX*50
1F(JXX)202,202,200
JIX=JX+1

J2X=J1X

J11(J1X)=JP1

J12(J1X)=JMAX1

J21(J2x)=J4P1

J22(J2X)=JMAX2

GN TN 204

J1IX=JX

J2X=JX+1

J21(J2x)=JP1

J22(J2X)=JMAX2

CONTINUE

DN 208 1I=1,120

KK(I)=1

CONTINUE

NCL=0

I1TIMA=0

1STOP=0

NCYCL=0

100=0

LAST=-1

IF(I0UT-1)215,215,210

CALL DTAPF (RyZ4RDOT,ZDOT MZERD,P,VP4E,RHO,R0Oy2Z0,SCySSRySSZySST,
LKTXyKTYKMX)

TIN=TIMF

GO TO 470

CONT INUE

CALL HYDROI(R,Z4RNOT,ZNOT,M7ERO4P,VP,EyRHOyROyZ0ySCySSRySSZ,ySST,
LKTXyKTY yKMX)

IF(INUC.EQ.0)GD TO 220

CALL PICT(R,Z,P,LAST)

INDEXA=1

IF(T0UA)240,240,650

1F(I0UR) 260,260,700

PRINT 520,WMAX,DELT
IF(WMAXeLT+0414)GO TO 300
DELT=0.5%DELT

WMAX=0425%WMAX

PRINT 522,WMAX,DELT

GN TN 280

IF(WMAX,GT.0.,035)G0 TO 350
IF(DFLT.GT.0.5*%DELTMIGO TO 350
DELT=2.0%DELT

WMAX=4,0%WMAX

PRINT 522,WMAX,DELT

GO TN 300

CALL HYDPNOL(R,Z,RDOT,ZDOT 4yM7ERD4PyVPE3RHO4R0Oy70,SCySSRySSZ4SST,
LKTXyKTY,KMX)

CALL HYDRDO2(R,Z,RDOT,Z0D0T yMZERO4P4VP4ERHO4R0O,20,SCySSRySSZ,ySST,
LKTX KTYKMX)
IF(DABS(EZERO-EB)/FZFROLT.DELIGO TO 360
INVA=1

INUMBA=MCYCL

0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265



IF(DABS(EZERN-FB)/EZERD.GTL.DE2) ISTOP=1
360 CONTINUE
NCYCL=NCYCL+1
PRINT 524 ,NCYCLyTIME,DELT,CIST,1DMyJDMyWMAX , T Wy JW
IF(ISTOP,E0,0)GO TO 370
GO TN 450
370 INDFXA=2
IF(INUA.EN.0)GN TO 375
TF(MOD(NCYCL,INUA)4NF,0)6G0 TO 375
IF(ITIMALLELINUMBA)GN TO 30
375 CONTINUE
INDEXR=0
GO TO 350
380 ITIMA=]TIMA+]
INDEXB=1
GO TN K50
390 IF(INURLEQ.O0)GO TN 400
IF(MOD(NCYCL,I0UR).FQ,0)G0 TO 700
400 IF(INUC.EQ.DIGO TN 405
IF (MOD (NCYCL ,TOUC) «EQ.O)
1CALL PICT(R,Z,P,LAST)
¢05 CONTINUF
£10 IF(NCYCL-MCYCL)420,450,450

420 1F(TIME = TMAX)430,450,450
430 IF(DIST =~ CISTM)470,450,450
450 LAST=1

IF(INURLEQ.O0)GO TN 455

INDEXA=3

GO TN 700

455 CONTINUE
IF(INUCNELO)
1CALL PICT(RyZyP,LAST)
IFCINDEXR.EQ.1)G0 TO 750
I€(1NUALEQ.0)GO TN 750
INPEXA=3
GO TO &50
470 CONTINUE
475 IF(WMAX.GT,.20.0)160 TO 490
IF(WMAXeLT.0,14)G0 TN 480
DELT=0.5%DELT
WMAX=0425%WMAX .
PRINT 530,WMAX,DELT
GN TD 475
4R0 TF(WMAX.GT.0.035)G0 TO 350
IF(DFLT«GT4(0.5*DFLTM))GO TO 350
DELT=2.0%DELT
WMAX =4, 0% WMA X
PR INT 530,WMAX,DELT
GO TN 480
490 PRINT 532
GO TO 450
650 CONTINUF
CALL PRINTF(RyZyRDOT,ZDOT,MZERD,P,VP,E,RHO,ROyZ0,SC,SSRySS7,55T,
IKTX KTY,KMX)
GO TO (260,390,750), INDEXA
700 CONTINUE
CALL PRINTL(R,Z,RNOT,ZDOTMZERD,P,VP,E4RHO,R0,20,SC,SSR,552,55T,
IKTX KTY,KMX)
GO TD (260,400,455), INDEXA
750 CONTINUE
IF(NPP.LE.O)GO TO 777
PRINT 534, (KXP(L)yKYP(L)yL=1,NPP)
no 776 I=1,NCL
PRINT 536,KXYP(T)yTME(TI)4PLGF(I),(PRS(L,I),L=1,NPP)
776 CONTINUE
GN TO 779
777 CONTINUE
IF(KPL1.LE.0)GD TO 779
PRINT 535

0266
0267
0268
0269
0270
0271

0272
0273
0274
0275
0276
0277
0278
0279
0280
0281

0282

0283
0284
0285
0286
0287
0288
0289
0290
0291

0292
0293
0294
0295

0296
0297
0298
0299
0300
0301

0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334



535 FORMAT(1H1,5HCYCLS,5X,4HTIME, TX, 10HPLUG FORCE)
DN 778 I=1,NCL
PRINT S36,KXYP(I),TME(T),PLGF(I)
778 CONTINUF
T79 CONTINUE
CALL CALC(NCL yNPP,KPLLyKXPyKYP,TME ,PLGFPRS,TITLE,TIN)
IF(IOUT=1)770,750,770
760 CALL OTAPFE (RyZ,yRDOT,7DOTyMZERN,P,VP4EyRHOyROy70ySCySSRySSZySSTy
1KTXKTY,,KMX)
770 CONTINUE
STOP
END

SUBROUTINE CALC(NCLyNPPyKPLLyKXP,KYP,TMF,PLGF PRS,TITLE,TIN)

NIMENSTON KXP(20)4KYP(20),TMF(1000),PLGF(1000),4PRS(£6,1000),
1DATA(1000),TITLE(L1E),CXY(1000)

DIMENSTON U1(2),U2(3),U3(5),Us(5),06(4),UT(2),U5(2)

DIMENSION SCTK(10)

DATA ULl/' TIME */,U2/°'PLUG FNRCE'/,U3/'AXIAL DISPLACEMENT'/,
LU%/'RADTIAL DISPLACEMFNT'/,US5/'AT ZONE'/,U&/'AT MESH POINT'/,
2U7/'PRESSURE "/

£01 FORMAT(I6,(6F12.0))
502 FNRMAT(I6,TE15.7)

IF(NPP.NF.0)GO TN 16

REAC 501,KCAL,SCT,SCT1

PRINT 502,KCAL,SCT,SCT1

G0 TO 18

16 CONTINUE
READ 5014XCALySCTySCT1,(SCTK(K),K=1,NPP)
PRINT S024KCALySCTySCT1,(SCTK(K),K=1,NPP)
18 CONTINUE
I5(KCAL) 200, 200,20
20 CALL PLOTS(PATA(1),4000,49)

CALL PLOY(5,0y0s=3)

CALL SYMBNL(045409041%,TITLE(1),0,72)

CALL PLOT(11.040,4-3)

IF(SCT.LE.0.0)SCT=,0001

XMAX=(TME(NCL)=-TIN)/SCT

I€(KPL1)60,60,30

30 CALL AXIS(Oy04Uly=8yXMAX,04TIN,SCT,10,0)

CALL SCALE(PLGF,10.04NCLy1,10.0)

PMIN=PLGF(NCL+1)

PNEL=PLGF(NCL+2)

IF(SCT1.NF,0,0)PDEL=SCT1

CALL AXIS(0404UU2910410e0yS0404PMIN,PDEL,y10,0)

X=0.

Y=(PLGF(1)=-PMIN)/PDEL

IF(YeGEL1040)1Y=10,0

CALL PLOT(X,yY,y3)

DO 50 I=1,NCL

X=(TME(I) -TIN)/SCT

Y=(PLSF(T)=-PMIN)/PDEL

IF(Y.GFa10.0)Y=10,0

CALL PLOT(X,Y,2)

S0 CONTINUE

KNEW=XMAX+2,

XMNEW=KNFW

CALL PLOT(XNFW,0,-3)

1F(NPP)1P0,180,60

50 00 1%0 L=1,NPP

N0 70 I=1,NCL

CXY(I)=PRS(L,yT)

0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346

0347
0348
0349
0350
0351
0352
0353
0354
0355
03556
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371

0372
0373
0374
0375
0376
0377
0378
0379
0330
0381

0382

03183
0334
0395
0386
0387
0388
0389
0390
0391

0392
0393
039¢
0395



70

3

PO

20

100

120

150
180
200

CONTINYF

CALL SCALF(CXY,10404NCLy151040)
FMIN=CXY(NCL#1)

FOEL=CXY(NCL+2)
IF(SCTKIL)4NFL.0,0)FDFL=SCTKI(L)
TF(KXPIL)«GT40)60 TO €0

CALL SYMROL(0,5.040e1%,1J4,0,0,19)

CALL SYMROL(0y%445,0414,06,0.0,13)
KXPL=TARS(KXP(L))

KYPL=IABS(KYP(L))

CALL NUMRER( 148,445,014 ,FLOAT(KXPL) 4040,4=1)
CALL NUMRER(2,444,540414,FLOAT(KYPL) 40404~1)
GO TN 100

IF(KYP(L)«GT.0)GO TN 90

CALL SYMBROL(0,54040414%,4113,0.0,18)

GN TN 75

CALL SYMROL(0y5.040e1%,1)7,0404R)

CALL SYMROL(0y4e540e14,U5,040,7)

CALL NUMBFR(14094e590e14yFLOAT(KXP(L))040,4~1)
CALL NUMBER(1e54%4540e1%yFLOAT(KYP(L))40.0,-1)
CALL PLOT(3,040.04-3)

CALL AXIS(0,0,Uly=8ByXMAX,0,TIN,SCT,10,0)
CALL AXIS(04042H 424104049040, FMIN,FDEL,10.0)
X=0.

Y=(CXY(1)=FMIN)/FDEL

IF(Y.GF410.,0)Y=10,0

CALL PLOT(X,yY,y3)

DO 120 I=1,NCL

X=(TME(I)=-TIN)/SCT

Y=(CXY(I)=-FMIN)/FDEL

IF(Y.GEL.10.0)Y=10,0

CALL PLOT(X,yY,2)

CONTINUE

KNEW=XMAX+2,

XNEW=KNEW

CALL PLOT(XNEW,0,=-3)

CONTINUE

CALL PLOT(0,0,599)

CONT INUF

PETURN

END .

SURRNUT INE HYDROI(R,Z,RDOT,2D0OT,MZERO,P,VP,E,RHN,R0O,2N,SC,ySSR,SSZ,
ISST KTX,KTY KMX)

IMPLICIT REAL*8(A-H,0-7)

DIMENSION RPD(20),2D0D(20)

DIMENSION KRL1(50),KR2(50),KZ1(50),KZ2(50) KTM(50),KT1(20),KT2(20)
DYMENSTON R IMAX3,JMAX3),Z(IMAX3,JMAX3),RDOT(IMAX3,JMAX3),

12007 ( IMAX3,JMAX3),RO(IMAX3, JMAX3),20(IMAX3, JMAX3),MZERO(IMAX3, JMAX
23),E(IMAX3,JMAX3),P(TMAX3,JMAX3),RHO(IMAX3, JMAX3),VP(IMAX3,JMAX3),
3SCOIMAX3,JMAX3) KTX(IMAX3,JMAX3) KTY(IMAX3,JMAX3)
4 KMX(TIMAX3,JMAX3)

NIMENSION SSR(IMAX3,JMAX3),SS7(IMAX3,JMAX3),SST(IMAX3, JMAX3)
CNMMON TMAX, JMAXy TMAXL g JMAX]L y IMAX2,y JMAX2, IMAX3, JMAX3,NCYCL,
1IW,JW, ISTOP,1QQ,JAQ, IDM, JPM,KR1,KB2,K33,KPP,KPP1,KPP2,KPPX,KPPC,
2KPL1,KPL2yKR11,KB12,KR31,KB32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
3,KR21,KB22,M114M12,M214M22,M31,M32,KNX(10),T0UT
SyMI(10)4MJI(10),MTH(L10),MTV(10),MTC(10),MTX(1000),MTP(1000),KNP(10)
COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22010) 4 T1X, 12X, J1X,J2X,KQ(120)

CNMMON /A/ DFLT,DELTO,TIME,DIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P0(20),E0(20),6N(20),CO(20),AA(20),BB(20),C(20),V0(20),CCP(2C),

0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
0407
0408
0409
0410
0411
0612
0413
0414
0615
0416
0417
0418
0419
0420
0421
0622
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436

0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0455
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62

on

2CCK(20),CPLG(20),GRHO(20)yCE(20) 4CP(20) yCWR(20) yCWN(20),CX(50)
3CXDI50),CV(50),CVD(50) yCX1yCX2yCX3yPMASS,F7FRO,FR,PLUG,PRS(6,1000)
4y TME(1000) 4 PLGF (1000), YMX,YMS, YMN,CRP1,CRP2,CRP3,CREL,CRE2,CRF3,
SRHﬂl'RH02.°H03.ZC°M1.7=RM2.ZEPM3'XYP(lO)pXFU(lOl'TKE'TlF'TM.VHXO
6y THH{L0) , THV(10), XME(10) y XRHN(10) 4 XPR(10) yXSS(10,50) yXSR(10,50)
7, XDRT
REAL™  SSR,S57,SST,VP,RO,70,SC,ROOT,2ZD0OT M7 ERD
REAL®% TME,PLGF,PRS,TITLF,TIN
INTEGER42 KTX,KTY,KMX
DATA P1/3.1415926536/
502 FORMAT(9F9,.0)
504 FNRMATI(1I6)
KR0A FNRMAT(12156)
502 FNRMAT(6E9.0,13)
510 FNRMAT(213,7F9,0,213)
€12 FNRMAT(1HN,' FRRNOR TN THE INPUT CARDS Vol ? ZONE('13,','13,
1')-R AND Z ON CARDS ARE ¢,2F9,3,' V.S, EXPECTED '2F9,3)
514 FOPMAT(1HO,' TOTAL ENERGY AT START=',F15.7)
516 FORMAT(EFS.0)
€20 FNRMAT('0 MATERIAL CONSTANTS')
£22 FNPMAT(1HOy13,6E15T414)
£24 FNRMAT(/X,8E1547)
826 FORMAT(1HO,3X,5E1547)
£28 FORMAT(ST4,F1240,216,F12.0)
525 FORMAT(215,7F15474213)
534 FNRMAT(L1HO,' PLUG CONSTANTS *,/516,F15.7,/18X,216,F15.7)
PI2=2,%P]
RFAD R AND Z COORDINATES
READ 502, (R(1,2),1=2,IMAX2)
RFAD 502, (Z(2,J)4J=2,JMAX2)
ND 100 J=2,JMAX2
nND 100 1=2,IMAX2
O (1,J)=R(T,2)
Z(T4,3)=72(2,4J)
100 CONT INUE
READ 504 ,NSEC
PRINT £04,NSEC
NSEC-NN OF RECTANGULAR SFCTINNS TN THF SYSTFM
DN 120 K=1,NSEC
READ 507 ,KRL(K)yKR2(K) JKZ1(K) yKZ2(K) 4KTLIK) yKT2(K) yKTM(K),
1RND(K),ZDN(K)
507 FNRMAT(714,2F9,0)
PRINT 509,KR1(K) yKR2(K) yKZL(K)yKZ72(K) yKTLIK) 4KT2(K) o KTM(K) ,
LRND(K), 2D (K )
£09 FNRMAT(716,2F15.7)
120 CONTINUFE
KP1 AND K71 ARE INITIAL ZONF NUMBERS,KR2 AND K22 ARE FINAL
7ONE NUMRERS IN R ANN 7 DIRECTINNS=-KTM IS MATERTAL CARD INDICATOR
READ 504 4NMAT
NMAT-ND OF DIFFERENT MATERIAL CARDS
PRINT 520
DN 140 K=1,NMAT
READ S0R,AA(K) 4BB(K) €0 (K)yCRHO(K) 4 CE(K) yCP(K) o KKK
PRINT 522,K,AA(K) yBB(K) ¢CC(K)yCRHO(K) yCE(K) 4CP(K) KKK
READ 502yCWN(K)yCWB(K)yCPLG(K),CCP(K),CCKIK)
PRINT 526,CHN(K) CHR(K),CPLG(K) ¢COP(K)4CCK(K)
17 (KKK) 140,160,130
130 PEAD 516y (PP(KyI)yVVIK,T),1=1,KKK)
PRINT 524, (PP(Ky1) yWVIKyT)yI=1,KKK)
PEAD  £02,P0O(K),ROK,EO(K) GO (K),CAIK)
PRINT 526,PO(K)4RNK4EO(K) GN(K),CO(K)
VNI(K)=14/RIK
140 CONT INUE :
CPHO,CF,CP,KT1,KT2 ARH THF INITIAL RHN,E,P,KTX AND KTY VALLIES
N0 250 K=14NSFC
L=KTL(K)
T1=KP1(K)
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180

200

210
250

260

270

275

280

300

12=KR2(K)

J1=K71(K)

J2=K72(K)

TF(KTM(K)) 200,200,150
NN 180 J=J1,J42

nn 120 I1=11,12
RHO(T14J)=CPHN(L)
E(I,J)=CF(L)
P(T,J)=CPI(L)
ROOT(I,4J)=PDN(K)
INOT(T,J)=7DD(K)
KTX(T4J)=KT1(K)
KTY(14J)=KT2(K)

CONT INUE

GO TN 250

CONT INUF

CARD INPUT FNR THE CORE SECTION
non 210 J=J1,J2

nn 210 1=T11,12

READ 510, T1,JJsRCL,ZC1yRDOT(T4J)4ZDOT(T4J)sRHO(TJ)4E(T4J)4P(T,0),

IKTX(T5J) 9 KTY(I,J)

PRINT S2€,11,4JJ4RCLyZCLyRDOTIT4J) s ZDOTIT4J) yRHOMT 1 J)HE(T4J)4P(14J)

LyKTX(T,J) KTY(I,J)

IF(RCL.NELR(I,J)IGO TO 202
IF(7C1.E0.7(1,J))GO TO 210

CONT INUF

PRINT S12,119JJsRCL4ZCL4R(T4J)Z(T,4J)

STNP

CONT INUE

CONTINUE

WMAX=0.

NO 240 1=2,IMAX2

R(Iy1)=R(T1,3)

Z(To1)=Z(1,2)=(2(1,3)=2(1,2))
RII,JMAX3)=R(I,JMAX])
Z(TyJMAX3)=2 (T, JMAX2V4(Z(1,JMAX2)=2(T,JMAX]L))
CONTINUE

DN 270 J=1,JMAX3

R(14J)==R(3,J)

201,J)=7103,J)
R(IMAXB'Jl=R(IMAXZ'J)O(R(lMAKZ.J)-R(I*AXl.ﬁ)I
7OIMAX3,J)=2(IMAX]1,J)

CONTINUE

DO 275 J=1,JMAX2

PHN(IMAX2,J)=RHO(TMAXL,J)

CONT INUE

NN 300 J=2,JMAX1

D0 300 1=2, IMAX2
AL=05%((7(I+1,J41)=2(T,J))*(R(I+1,J)=R(I,J+1))
1=(R(T+1,J+1)=RIT,JNI*(Z(T+1,J)=-2(1,J+1)))
IF(1.FQ.TMAX2)GO TO 280

LX=KTX(I,4J)

W= (CWNCLX)*(P(T,J)+CWBILX))/(RHO(T 4 JI*AL) I#(DELT/1.2)%%2
IF(W.LF.WMAX)GN TO 280

WMAX=W

Iw=1

Jw=1)

CONT INUF
RRAR1=0.251(R([,JOllOR(Iél.JOl)OR(l’lpJ)*R(chll
MZERD(T,J)=A1%*RRARL*RHO(I,J)

nn 340 I=2, TMAX1

KTX(I,1)=KTX(1,2)

KTY(I,1)=KTY(I,2)

KTX( T, JMAX2)=KTX(T,JMAX])
KTY(T,JMAX2)=KTY(I,JMAX])
MZERN(T,1)=MZERO(I,2)
MZERN(T,JMAX2)=MZEPO(I,JMAX])

0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
0540
0561
0542
0543
0544
0545
0546
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360

3380

20

538
539

€26

€30

€32

634

640

CONT INUE

N0 360 J=1,JMAX2

KTX(1yd)=KTX(24J)

KTY(LyJ)=KTY(2,J)
KTX(IMAX2,J)=KTX(TMAXL,J)
KTY(IMAX2,J)=KTY(IMAXL,J)
MZFRN(1,J)1=MZFRNO(2,4J)

CANT INUE

MZERN(IMAX2, JMAX2)=M7FRO(IMAX2,JMAXL)
M7ERN(IMAXZy 1)=MZFRO(TMAX2,2)
F7€P0D=0,

N0 330 J=1,JMAX3

nn 3f0 I=1,IMAX3

TF(1.EQ.1)GO TO 370

IF(J.FQ.1)G0 TN 370

IF(JeGT.JMAXL)GO TO 370
IF(1.GT.IMAX1)GN TN 370
E7EROD=FZFRO+PT2¥MZERO(I,JI*E(I,J)
CONT INUE

RO(T,J)=R(T,J)

70(1,J)=7(T1,J)

CONT INUE

READ 528 ,KPP,KPPL,KPP2,KPPX,KPPC,PMASS,KPL1,KPL2,PLUG
PRINT €36 ,KPP,KPP1,KPP2,KPPX,KPPC,PMASS,KPL1,KPL2,PLUG
XDBT=0.

IE(KPPX.LF.0)GO TO 80

RFAD 516, (CX(I),CXD(I)yI=1,KPPX)
PRINT 524,(CX(I),CXD(I)y1=1,4KPPX)
IF(KPPC.LF.0)GN TO 82

RFAN 5164, (CV(T),CVD(I),I=1,4KPPC)
PRINT 524, (CV(I),CVD(I),I=1,KPPC)
CONT INUE

READ S3R,KRBL1,KR12,YMX,M11,M12,KB21,KB22,YMS,M21,M22,KB31,KB32,

1YMN,M31,M32
PRINT 530,KR11,KB12,YMX,M11,M12,KB21,KR22,YMS,M21,M22,KR31,KB32,
LYMN,M31,M32

YMXN=YMX
FORMAT(3(213,F12.0,213))
FORMAT(1HO, * MOVING SURFACE CONSTANTS',/3(216,E15.7,216))
IF(KRL.NFE.2)GN TN 634
CRP1=CP(M11)

CREL1=CE(M11)

RHO1=CRHN(M]11)

IF(KR12+.GFo IMAX2)G0 TO 630
RI2=R(KR12+41,JMAX2)
Al=(YMX=Z(KBL11,JMAX2))*(RI2-R(KB11,JMAX2))
PBAR1=0s"%(RI2+R(KB11,JMAX2))
JERML=A1*RARARL*CRHO(M11)
E7FRO=FE7FRO4PI2*%7ERM1*CRE1

GO TN 634

[F(KR12,FN.IMAX2)6GN TO 632
RI12=YMS

GN TN 626

RI2=R(IMAX2,JMAX2)

6N TO 626

CONT INUE

IF(KR3NFE,2)GD TO 544
CRP3=CP(M31)

CRE3=CF(M31)

RHN3=CPHO(M31)

IF(KR32,GF, IMAX2)G0 TO 640
RI2=R(KR32+1,2)
Al=(7(KB31,2)=YMN)* (R]I2=-RP(KB31,2))
RARARL1=0,5*(RI24R(KB31,2))
ZEPM3=A1*%RBARLI*CRHO(M31)
FZERN=EZFRO+PI2*«ZERM3*CRE3

6N TN 644

IF(KR32,FN, IMAX2)G0 TO 642
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642

&4h

652
€56

659

660

662

664
86

a8

5641

&30

t40

RI2=YMS

GN TN £36

RI2=R(IMAX2,2)

GN TO €36

CONTINU=

TFIKR2,NEL2)6G0 TN 664
PHO2=CRHN(M21)
CRP2=CP(M21)

CRF2=CF(M21)
TF(KR21.,LT,2)60 TN 652
211=7(1MAX2,KR21)

GO TO 65¢&

711=YMN
IF(KRP22,GF«JMAX2)6G0 TO 660
112=7(1MAX2,KB22+1)
Al=(712=211)*(YMS=R(IMAX2,2))
RRAR1=045% (YMS4R(IMAX2,2))
ZFRM2=A14RRAR1*CRHO(M21)
F7ERN=FEZERDO+PI2*2Z RM2%CRE2
GN TO 664
IF(KR22.50,JMAX2)GD TO 662
712=YMX

GN TN 658
712=7(1IMAX2,JMAX2)

60 TO 658

CONT INUE

CONTINUE

READ 504,NPP

PRINT 504,NPP
IF(NPP.LE.OIGO TD 88

READ 506y (KXPIL)yKYP(L),L=1,NPP)
PRINT 506 (KXP(L)yKYP(L),L=1,NPP)
CONTINUE

PRINT 51&,EZERO

NELTN=0

DIST=0.

100=0

CONT INUF

RFAD S506,NTW,NTM
IF(NTW,FOQ.0)GD TO 480

I1X=0

PRINT 5&1

FORMAT(' THIN VESSEL CONSTANTS')
DN 460 L=14NTW

READ S&2,MI(L)yMJI(L)yMTHIL) yMTVIL) 4MTCIL) yTHH(L) ,THVIL)
PRINT 543,L MI(L)yMIIL) ¢MTHIL) ,MTVIL) yMTC(L),THHIL),THVIL)

FORMAT(S516,2F12.0)
FNORMAT(13,516,2E14.6)
12=MJ(L)
I1=MI(L)-1

DN 430 I1=2,I1
IX=1X+1

MTX(IX)=L
KMX(T,12)=1X
MTP(IX)=1

CONT INUE

K=1X

J1=MJ(L)

J2=MI(L)

NN 440 J=J1,JMAX2
IX=1X+1

MTX(IX)=L
KMX(J2,J)=1IX
MTP(IX)=3

CNONT INUF
MTP(K+1)=2
MTPLIX)=MTC(L)
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66

460

470
480

502

506

100

CONT INUF

DN A70 K=1,NTM

REAN 544 yXMF(K)  XYP (K)o XFULK) 4 XRHO(K) 9 XPR(K) 4KNP(K)
PRINT S45,XME(K) ¢ XYP(K) g XEU(K) 9 XRHO(K) g XPR(K) 4 KNP (K)
FNRMAT(SF12.,0,218)

ENRMAT(S5F 14e64216)

IF(KNP(K)«FEQ.0)GO TN 470

KK=KNP(K)

READ 516, (XSS(KyI)yXSRIKyI),yI=1,KK)

PRINT 524, (XSS(KyI)yXSR(K,I),yI=1,KK)

CONTINUF

CONTINUF

RETURN

END

SURROUTINE THINV(LT,1,4J4yRDDOT4ZDNOT 4Ry 74PNy 704P 4KMX KT Xy KKy CONST)

IMPLICIT REAL*8(A-H,0-7)
DIMFNSIONR ( IMAX3,JMAX3),Z(IMAX3,JMAX3),RO(TMAX3,JMAX3),

LZO(IMAX3, JMAX3),P(IMAX3,JMAX3) yKMX( IMAX3, JMAX3) 4KTX (IMAX3, JMAX3)
COMMON IMAX, JMAX, IMAX1,JMAX]1,TMAX2,JMAX2,IMAX3,JMAX3,NCYCL,

1IW,JW,ISTOP,IQ0,JQQ, IDMyJDM,KBL yKB2,KB3,KPP KPPl ,KPP2,KPPX,KPPC,
2KPL1,KPL2yKR11,KB12,KR31,KR324NPPyNCLyKXP(20),KYP(20),KXYP(1000)

3,K221,KR22yM114M12,M21,M22,M31,M32,KNX(10),10UT

4yMI(10),MJ(10)4MTH(L0),MTV(10),MTC(10),MTX(1000),MTP(LONO),KNP(10)
COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J421(10),

1J22(10) s T1XyI2X9J1XyJ2X4KQ(120)

COMMON /A/ DELT,DELTO,TIME,DIST,WMAX,TITLF(20),PP(20,50),VV(20,50)
1,PN(20),EN(20),60(20),C0(20),AA(20),RR(20),CC(20),VN(20),CCP(20),
2CCK(20),CPLG(20),CRHN(20),CF(20),4CP(20)4CWR(20),CWN(20),CX(50),
3CXD(S0),CV(50),CVD(50)4CX14CX2,CX3,PMASS,E7ERN,FB,PLUG,PRS(6,1000)
5y TME(L1000)4PLGF(1000),YMX,YMS,YMN,CRP1,CRP2,CRP3,CPRFl,CRE2,CRE3,
SRHO14RHO2,RHO3, 7ERM]L 4 ZERM2 4 ZERM3 ,XYP(10) 4 XEUU(10)4TKE,TIE,TM, YMXO
6y THHI10) y THV(10) 4y XME(10) y XRHO(10) y XPR(10) 4 XSS(10450)4XSR(10,50)

T4 XDRT

PEAL*4 SSR,5S57,55T,VP,R0,20,SC,RDOT,7DOT,MZERN
INTEGER®*2 KTX,KTY,KMX

REAL*%A TME,PLGF,PRS,TITLE,TIN

FORMAT(' STRAIN EXCEEDED ULTIMATE VALUF AT*,214,' FR=',Fl6,6,

1' ET='3El4e6y' EFFe E='"yEl4.6)

FAPMAT(* STRAIN EXCEEDRD ULTIMATE VALUE AT ',214,' STRAIN=',F14,6)

rM1=0.0
N=MTX(LT)

M1=MI(N)

M2=MJ(N)

PL=P(1,J)

P2=P(I-14J)

P3=P(I-1,J-1)

PAZP (T,J-1)

G0 TO (1004200) yKK

M=MTH(N)

TH=THH(N)

DR=(2(141,J)=R(I-1,J4)) /2.

LX1=KTX(T4J)

LX2=KTX(IyJ-1)

R=R(ML,M2)=R(2,M2)

WC=70(14J)=2(1,J)

IF(I.NF.M1)GO TN 102

IS(LX1.E0.3)60 TO 101

IF(LX2.E0.3)60 TO 101

MM=MTV(N)
CLLI=0e5*DSORT((Z(T yJ41)=7(Tod) 14*k24(R(TyJ41)=R(T4J))%%2)
CL2=045*NSART((Z(14J)=7 (1=14J) )4%24(R(14J)=R(I=1,J))%%2)
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103

104

105

105

107

109

108

118

CML=CLI*THV(N)#*X2HN(MM) +CL2* TH* XRHN (M)
CM=CML41,/(4,%CONST)
STRN=DABS(WC/(Z0(I,JMAX2)=20(1,J)))
IF(NARS(STRN)GTXFUIM))IGO TO 103

KANM=KNX (M)

TT=KNP (M)

caLL STRESS(STRNySTSN ¢ XSSy XSRyIT KNM,M,T,J)
ITF(WCLT«040)STSN==STSN

INDOT2=THVIN)*STSN/CM

GN TO 1R0

IDNNT2=0.,0

PRINT 504,1,J4,STRN

GN TN 120

CONT INUE

CLI=0.5#%DSORT((Z(T4+1,J)=2(1,J) )%*24(R(141,J)=R(1,J))%%2)
CL2=0oS#CSORT((Z(T4J)=2Z(T=14J) )%%24(R(I,J)=R(I=1,J))%%2)
IF(LX1eFQe3)6N TO 104

IFILX2.F0.3)60 TO 104

CMI=(CLLI4CL2)*TH®XRHO(M)

AR=R (MLl 4M2)=R(2,M2)

CM=CML+1./(4,*CONST)

W0=7(M1,M2)=-7(2,J)

UL=R(M14M2)=RN(M1,M2)

FEL=UL/(RO(M1,M2)=-R0O(2,M2))
CEH=XME(M)/(1e=XPR(M)*XPR(M))

W2A3=(WOXWO) /(AR*%3)
UC=R(T,J)*(AR=R(1,J))%W2A3%(1,185-1.75%R(1,J)/AR)
UPL=R(I+1yJ)*(AR=R(I+1,J))*%W2A3%(]1,185-1.75%R(1+1,J)/AR)
WPL=20(1+1,J)=2(1+1,J)

IF(T.NF.,2)60 TO 108

UNLl==UP]

WN1=wP1l
ET=(AR=R(1,J))*W2A3%(1,1B5-1,75%R(1,J)/AR)
ER=((UP1=UNL)**2)/(B.*DR*DR)+(1IP1=UN1)/(2.%DR)
FR=FR4[F]

CSR=CEH&(FR+XPR(M)*ET)

TF(DARS(CSR) «GT.XYP(M))IGO TO 106

XNR=CSR¥TH

XNT=0.

GN TO 109

FRR=1,154T7*DABS(ER) .
IF(ERR.GT.XEU(M)IGO TO 107

CALL STRESS(FRRySTTNyXSSyXSRyTI KNM,M,T1,J)
IF(DARS(CSR) (LT.STTNIGO TO 105

XNR=CSP*¥ TH*STTN/CCSS

XNT=0,

GN TN l0°©

XNR=0,

XNT=0.

PRINT 5024149 JsERyET,FRR

CONT INUIF

D2WR=(WPL=2,*WC+WN1)/(DR*DF)

CONTINUFE

INDOT2==N2WR*XNR* (CLL1+CL2)/CM

GO TO 180
UNL=R(T=1,J)%(AR=R(I=14J) )*W2A3¥ (1, 1R5-1.TS*¥R(I+1,J)/AR)
WNL1=70(T=1,J)=2(1=1,J)

FT=(UC+EEL)/R(I,J)

ER=(((UPL=NL1)**2)+((WPL-WNL)**2))/(8,*DR*NR)+(UPL=1UNL)/(2.,%DR)

FR=ER4EF]

CSR=CEH* (FR4XPR(M)*ET)

CST=CEH* (FT+XPR(M)*ER)
CCSS=PSORT(CSR¥CSR-CSR*CST+CST*CST)
IF(CCSSATLXYP(M)IGN TN 121
XNR=CSR*TH

XNT=CST*TH

GO TO 122
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68

121 ERR=1,1547*DSQRT(ERXFR+ER¥ETH+ETHET)
TF(FRRLGTXEU(M)IGO TO 123
CALL STRESS(ERR,STTN,XSSyXSR,yIT1,KNMyMyT,J)
IF(CCSSeLT4STTNIGO TO 120

XNR=CSR*THxSTTN/CCSS
XNT=CST*TH*STTN/CCSS
GO TavIaz

123 XNR=0,

122

124

180 70D0TL= ((P1-P3)%(R(I1,J#1)=R(I,J=1)+R(I=-14J)-R(I+1yJ))=(P2=-P4)*
LIRITyJ+1)=R(T4J=1)=R(I=1,J)+R(I+1,J)))/(6,%CM)

200

201

204

202

203

208

212

224

XNT=0,
PRINT 502414J4ER,FT,ERR

CONTINUE
DWR=(WP1-WN1)/(2.%DR)
D2WR=(WP1=2,%¥WC+WNL)/(DR*DR)

7DD0T2==(D2WR*XNR+DWR*XNT/R(T1,J) ) *(CLL4CL2)/CM
60 TO 180

7DD0T=Z0P0T1+2000T2

60 TN 300

M=MTV(N)

TH=THVI(N)

LXL=KTX(T,J)

LX2=KTX(I=1,J)

AR=PO(M1,M2)=-RN(2,M2)

IF(JNEsM2)GO TO 202

IF(LX1.EQ.3)GO TO 201

IF(LX2.EQ,3)G0 TO 201

MM=MTH(N)

CLL=045*DSORT((Z(I,J+1)=Z(1,J) )%¥24(R(T,J+1)=R(I,J))%%x2)
CL2=045*NSART((Z(TyJ)=2Z(I1=14J) )%*k24(R(T14J)=R(I=1,J))%%2)
CM1=CL1*TH*XRHO(M)+CL2%*THH(N)*XRHO(MM)
CM=CM1414/(4%CONST)

Ul=R(1,J)-RO(1,J)

IF(THH(N) «FQe0.0)G0 TO 204

RNDNT2==(XME(MM )*THH(N)*ULl)/(AR*(1.-XPR(MM))*CM)
GO TO 280

II=KNP (M)

KNM=KNX (M)

STRN=DABS(UL/RO(I,J))

IF(STRNLGT.XEU(M)IGN TO 226

CALL STRESS(STRN,STSN,XSSyXSRyII,KNM,M,1,J)
IF(ULeLTe0s0)STSN==STSN

RODOT2==TH*STSN*CL1%*2+/ (RO(T,J)*CM)

G0 TO 280

CONTINUF
CLLI=04S*DSORTI(Z(T 3 J+1)=2(T9J) )%%24(R(I,J+1)=R(I,J))%%x2)
CL2=045*DSORTI(Z(T4J)=Z(T,J=1) ) %24 (R(TI4J)=R(I,J=1))%%2)
IF(LX1.FQ.3)G0 TO 203

IF(LX2.FQe3)GO TO 203

CM1=(CLL+4CL2)*THXXRHO(M)

CM=CML+1e/(4e*CONST)

IF(JoNFeJMAX2)GO TO 208

TF(MTP(LT).EQ.A)GO TN 208

RNNOT=0,

650 TO 300

WC=R(T,J)-RO(T,J)

IF(JNELJIMAX2)G0 TO 212

WNL=R(I,J=1)=R0O(1,J=1)

WP 1=2,*WC-WN1

6N TN 224

WPL=P(T,J+1)=RO(T,J+1)

WNLI=P(I,J=-1)=R0O(I1,J=1)

D7=(2(1,J+1)=-2(1,J=1))/2,

STRN=PARS(WC/RO(1,J))

IT=KNP(M)

KNM=KNX (M)

IF(DABS(STRN)4GT4XEU(M))IGO TO 226
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CALL STPFSSISTRN,STSNyXSSyXSR,IT,KNM,M,1,J)
TE(WE L LT.0,0)STSN==STSN
RNDOT2=(~TH# STSN/RN(T1,J)*(CL1+CL2))/CM
GN TO 2P0
226 RNNNT2=0,.0
PP INT 504,1,J,STPN
GO TO 280
280 RODOT1==((P1=P3)*(Z(T1,J41)=7(1,J=1)42(1=1,J)=7(141,J))=(P2=P4h )%
LOZ0T4d40) =701y J=1)4Z(T414J)=2(1=1,J)))/ (%, %CM)
RNDOT=RDDNT 1+RDDOT2
300 CONTINUF
RETURN
END

SUBRDUTINE STRESS(STRNySTSNyXSSyXSRyIT,KNMyM,T,J)
IMPLICIT RFAL*P(A=H,0=-Z7)
DIMENSTON XSS(10,50),XSR(10,50)
IF(STRN,GEL,XSR(M,1)IGN TO 244
DO 240 L=1,11
IF(STRN=XSR (M,L))240,248,252
2¢0 CONTINUF
STSN=0,.
GN TN 255
244 STSN=0.0
GN TO 255
248 STSN=XSS(M,L)
GN TO 25%
252 STSN=XSS(MyL=1)4(STRN=XSR(MyL=1))%(XSS(M,L)=XSS(M,L=1))7
LIXSR(MyL)=XSR(M,L=1))
255 CNNTINUE
RET!RN
END

SUBPOUTINF HYNDRNL(R,7,RDOT,2ZDNT,MZERO,P,VP,E,RHO,R0,20,5SC,SSR,557,

1SST KTXyKTY 4KMX)
IMPLICIT RFAL¥8(A=H,0-2)
DIMFMSTION P(TMAX3,JMAX3),7(TMAX3,JMAX3),RDNT(IMAX3,JMAX3),

1700T(IMAX3,JMAX3),RO(IMAX3, JMAX3),Z0(IMAX3, JMAX3) ,MZFRO(TMAX3, JMAX
23)yF(IMAX3,JMAX3)4P(IMAX3,JMAX3),RHO(IMAX3, JMAX3),VP(IMAX3, JMAX3),

3SCTMAX3, JMAX3) yKTX(TMAX3,JMAX3) KTY(IMAX3, JMAX3)
4y KMX(IMAX3,JMAX3)

DIMENSION SSR(IMAX3,JMAX3),SSZ(IMAX3,JMAX3),SST(IMAX3, JMAX3)
COMMON TMAX, JMAX y IMAXL y JMAXLy IMAX2, JMAX2 s IMAX3, JMAX3 NCYCL,
LIW,JW, ISTOP,100Q,J0Q, IPM,JDM,KR]1,KR2,KB3 KPP ,KPP],KPP2,KPPX,KPPC,
2KPL14KPL2yKR114KBL12,KB314KR32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
3)KB21yKR22yM11,ML12,M214M22,M31,M32,KNX(10),I0UT

AyMI(10)4yMI(L10)yMTH(10),MTV(10)4MTC(10),MTX(1000),MTP(1000),KNP(10)
COMMON /A7 DELT,DELTO,TIME,DIST,WMAX,TITLF(20),PP(20,50),VV(20,50)

1,P0(20),EN(20),6G0(20),C0(20),A2(20),BR(20),CC(20),V0(20),CCP(20),
2CCK(20),CPLG(20),CRHN(20),CEL20),CP(20),CWB(20),CWN(20),CX(50),

3CXD(S0),CVI50),CVD(50)4CX14CX2,CX3,PMASS,EZERD,FByPLUG,PRS(5,1000)

44, TME(1000)4PLGF(1000),YMX,YMS,YMN,CRPL,CRP2,CRP3,CREL, RE2,CRF3,
SRHNL1,RHN2 ,RHN3, ZERM] , 7ERM2, ZERMI,XYP(10) 4 XEU(LO) ,TKE,TIE,TM, YMXO
6y THH{10) 3 THVI10), XME(10) 4 XRHD(10) y XPR(10)4XSS(10,50) 4XSR(10,50)
T+ XDRT

REAL*& SSR,SS7,SST,VP,R0N,70,SC,RDOT,2DNT,M2ERD

REAL*A TME,PLGFPRS,TITLE,TIN
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INTEGFR®2 KTX,KTY,KMX
DATA P1/3.1415926536/

PLO4=PT /4,

PI2=PI%2,

PIN2=PI/2.

UFP=0,

TKE=0,

TIE=0,

WMAX=0.

PIST=0.
DELTR=0,5%(DELTO+DELT)
TU=TIMF+0.5%DELT
TIMF=TIME+DNELT

DELTO=PFLT

DN 40 1=2,IMAX2
P(I,1)=R(1,3)

71y 1)=2(1,2)=(Z(1,3)=2(1,2))
2 (1,JMAX3)=R(I,JMAX])
ZOTyJMAX3)=Z (T, JMAX2)+(Z (T, JMAX2)=Z(T,JMAXL))
CONTINUE

NN €0 J=1,JMAX3
R(1,J)==R(3,J)

Z{1,J)=213,.)
RUTMAX3,J)=R(IMAX2,J)+(R(IMAX2,J)=R(IMAX1,J))
Z(IMAX3,J)=7 (IMAXL,J)
CONTINUE

nn 80 1=2,1MAX1
RHN(T,1)=RHO(T,2)
P(T,1)=CX3*P(1,2)
RHO(T,JMAX2)=RHD (T, JMAXL)
P(1,JMAX2)=CX1%P(1,J4AX1)
CONT INUE

IF(KRL.LT.2)G0 TD 88

I11=KR11

112=KR12
IF(KR12.GF.IMAX2)112=1MAX]
DN B4 I=T11,112
IS(Z(1,JMAX2)4LT.YMX)GO TO 81
IF(7(1+1,JMAX2).GE.YMX)GO TO 82
CONT INUE
PUI,JMAX2)==P(1,JMAX1)+2.%CRP1
G0 TN 24

P(1,JMAX2)=P (1,JMAXL)

CONT INUE

IF(KR12.GF.IMAX1)GO TO 85
IL=KR12+1

DN 86 I=TL,IMAX1
P(TyJMAX2)=P(1,JMAX])
CONTINUF

CONT INUE

IF(KRL1.LF.2)G0 TO 88
IL=KRLl-1

De¥a7 I=2n11
P(I,JMAX2)=P(1,JMAX])

CONT INUE

CONTINUE

IF(KR3.LT.2)GN TO 98

111=KB31

112=KR32

IF(KP32,GF, IMAX2)112=1MAX]

DN 94 I=111,112
IF(Z(1,2).6GT.YMN)GO TO 91
IF(Z(1+142)4LE,YMN)GO TD 92
CONTINIIE
P(I1y1)==P(1,2)42,%CRP3

G1 TO 2%

P(1y1)=P(1,2)
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CONTINUE

IF(KR32,0E,IMAX1)G0 TO 295
IL=K332+]

N0 S€ I=1L,IMAX]
P(Iy1)=P(1,2)

CONT INUF

CONTINUFE

IF(KB31.LF.2)GND TN 98
IL=kR3]1~-1

nn 97 1=2,1L

PIIy1)=P(1,2)

CONTINUFE

CONT INUE

DD 100 J=2,JMAX1
RHO(1,J)=RHO(2,J)
Pl1yJ)=P(2,J)

RHO(IMAX2,J) =RHO(IMAX1,J)
PITMAX2,J)=CX2%P(IMAXL,J)
CNNT INUE

P(IMAX2,y 1)=P(IMAXL,1)
PLIMAX2, JMAX2)=P(IMAX]yJMAX2)
Pl1,y1)=P(2,1)
Pl1yJMAX2)=P(2,JMAX2)
RHO(IMAX2, 1)=RHO(IMAX1,1)
RHO(TMAX2, JMAX2)=RHO(IMAX]1,JMAX2)
RHO(1y 1)=RHD(2,1)
RHO(1,JMAX2)=RHO(2,JMAX2)
IF(KRL.NFL,0)GO TO 41
IF(KR2.EQ.0)GN TN 54
IF(KR2.,EQ.2)G0 TO 52
IF(KPL.NFL,2)GD TO 42
IF(KR2,EQ.,0)G0 TO 54

CONT INUE

TF(KBL12.LT.IMAX2)50 TO 52
IF(KR22.LT«JMAX2)G0 TO 54
TF(R(IMAX2,JMAX2).GE.YMS)GO TO 52
IF(Z(IMAX2,JMAX2)+GE.YMXIGD TN 54
IF(KR12,GT.IMAX2)G0 TO 54
P(IMAX2,JMAX2)=P(TMAX2, JMAX1)
CONT INUF

IF(KR3.NF,0)GD TO &3
IF(KBR2.,FQ.0)G0 TN 58
IF(KR2,EQ.2)G0 TO 56
IF(KR3,NF.2)G0 TO 44
IF(KR2,F0.,0)GN TO 58

CONT INUE

TF(KR32,LT,IMAX2)G0 TO 56
IF(KR21,GT.2)6N TO 58

IF(R(IMAX2,2 )«GE.YMSIGO TN 56
IF(7(IMAX2,2 ).LE.YMNIGO TN 53
IF(KR32.,GT.IMAX2)G0 TO 58
PLIMAX2,1 )=P(IMAX2,2)

CONT INUE

IF(KR2,LT.2)60 TO 78

Il11=KkR2]

112=KB22

IF(KR21LFe2)111=2
IF(KR22.GF e JMAX2)112=JMAX]

DN &6 J=T111,112
IF(RIIMAX2,J).LT.YMSIGN TO 61
TF(R(IMAX2,J+1).GE.YMS)GO TO 62

CONTINUF
P(IMAX2,J)==P(IMAX1,J)+2,%CRP2
GN TO 64

PIIMAX2,J)=P(IMAXL,J)

CONT INUF

IF(KR22,GF,JMAX]1)G0O TN 68
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JL=KR22+1
DO 66 J=JLyJMAXL
P(IMAX2,J)=P(IMAXL,J)

66 CONTINUF

68 CONTINUF
IF(KR21,LE.2)G0 TO 72
JL=KP21-1
PO 70 J=2,JL
P(IMAX2,J)=P(IMAXL,J)

70 CONTINUE

72 CONTINUF
IF(KR214GE.2)1G0 TO 74
P(IMAX2,1)=P(IMAX2,2)

GN TO 76
T4 P(IMAX2,1)=P(IMAX1,1)
76 CONTINUE
T1F(KR22.LE, IMAX2)6G0 TO 77
P(IMAX2,JMAX2)=P(IMAX2, JMAX1)
6N TN 78
77 P(IMAX2,JMAX2)=P(IMAX1,JMAX2)
78 CONTINUE

DO 140 J=2,JMAX2

DO 140 1=2,IMAX2

RNDOT=0.

70p0T=0.,

116 CONTINUF
CTN1=425%DABS(R(T,J+1)4R(I+1,J+1)4R(TI+1,JV4R(I,J))
CTP2=425%DABS(R(I=LyJ+L)#R (14 J+1)+R(I,J)+R(I-1,J))
CTN3=,25%NABS(R(I-1,J)4R(1,J)+R(I,J=1)#R(I=1,J=-1))
CTNA=e25%DABSIR(T4J)+R(I41,J)+R(T+1,J-1)4R(I,J=1))

CONST=14/(MZERO(I1,J)/CTDL+MZERN(TI-1,J)/CTD24MZERO(I~1,J=~1)/CTN3

L+MZERO(T,J-1)/CTD%)
PL=P(1,J)=P(I-1,J-1)
P2=P(I=1,J)=P(1,J-1)
IF(1.E0.2)G0 TO 110
IF(T.NE.IMAX2)G0 TO 108
IF(KB2.FQ.0)GO TN 110
IF(KR2.NF.2)GO TO 108
IF(J.LT.KB21)G0 TO 110
[F(J.GT.(KR22+1))60 TO 110
IF(P(1,J)sLT.YMSIGO TO 108
RDOT(1,J)=0.0
6N TO 110
108 CONTINUE
IF (KMX(1,J).LE.0)GO TO 109
LT=KMX(1,J)
IF(MTP(LT).LT.2)G0 TO 106
CALL THINV(LT,1,J,RDDOT,ZDDOT 4R, ZsRO,Z0¢P yKMX KT X2
G0 TO 111
106 1F(J.EQ.2)60 TO 107
IF(J.NE.JMAX2)G0 TO 109
PL=P(1,J=1)=P(I=1,J-1)
p2=-P1
G0 TO 1009
107 CONTINUE
PL=P(1,J)=P(1=1,J)
p2==-P1
109 CONTINUE
RODOT==CONST*(PL¥(7(14J41)=Z(1,J=1)4Z(1=1,J)=2Z(1+1,J))
L=P2¥ (7 (1, J+1)=2(1,J=1)4Z(1+1,4)=2(1-1,J)))
111 CONTINUE
RNOA=RDNOT*NELTA
IF (NARS(RDR)LTLUEPIGO TO 120
RDOT(1,J)=RNOT(1,J)+RDB
61 TN 120
110 CONT INUE
120 CONTINUE

» CONST)
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140

411

418
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426
415

P1=P(1yJ)=P(1=1,J=1)
P2=P(1=14J)=P(1,J~1)
IF(JNELIMAX2)G0 TO 122
IF(KBL.EN,0)G0 TN 140
IF(K81.NF,2)60 TO 124
IF(1.LT.KRLLIGO TO 140
TF(T.6GT.(KR1241))G0 TO 140
IF(KPP.NF.,0)G0 TO 121
TFIZ(1,J)eLTYMX)IGOD TO 124
I00T(1,J)=0.

GO TN 140

IF(1.LT<KPPL)GN TN 126
IF(T1.6T.(KPP241))G0O TO 126
TF(7(T4J)eLT.YMX)IGO TO 124
GN TO 140
TF(7(150)4LTaYMXO)G0 TD 124
D0T(14J)=0,

GN TN 140

[F(JNFL2)6G0 TO 124
IF(KR3,FQ.,0)GO TO 140
IF(KR3NF,2)GD TO 124
IF(1.LT.KR31)GO TN 140
IF(1.GT4(KR3241))G0 TO 140
IF(7(1,J)eGTLYMNIGO TO 124
IPOT(14J)=0.

GN TO 140

CONT INUF
IF(KMX(1,J)eLF.0)G0 TO 125
LT=KMX(1,J)
[E(MTP(LT).GT,2)G0 TO 123

CALL THINV(LT y14J4RDDOT,ZDDOT 4Ry 7 ¢RNy Z0y P yKMX KT X,y 1

GN TN 127
TJF(T«NF,IMAX2)GN TO 125
P1=P(I=14J)=P(I=1,J-1)
p2=pP1]

CONTINUE

INPOT=CONST* (PL*(R(T4J41)=R(14J=1)4R(I=1,J)=R(I+1,J))
2=P2% (R (T, J¢L)=R(I4J=1)4R(I¢1,J)=R(I=1,J)))

CONTINUE
ZCB=7PNNT*DELTA

IF(NARS(ZDR)LLTLUEP)GD TO 140

INOT(I,4)=2PNT(1,J)+2DB
CONTINUE

IF(KPPLEQ.0)G0 TN 456
KPP22=KPP2+1

TOTP=0.,0

NN 420 T=KPP1l,KPP2

R21=R(I+1,JMAX2)*%2-R(1,JMAX2)*%*2

IF(KRL.NF,2)60 TN 413

TF(Z(T,JMAX2).LT.YMXIGO TO 411
TE(Z2(T141,JMAX2).GEL,YMX)GO TO 418

CONTINUE
TNTP=TOTP+PI02%CRP 1*R21
GN TO 420

TOTP=TNTP+PIN2%P (1 ,JMAX]1)*R2]

CONTINVE
IF(KR1,EQ.2)G0 TO 422

XZ=2(KPP1,JMAX2)1=20(KPPLl,JMAX2)

GO TN 423

X7 =YMX=-YMXD

IE(X7)424 4,424,426

CXXP=0.

CXVP=0.

GN TO 4450

XZ7=XDRT

IFIKPPX.LF.0)G0 TO 432

I (X7.GE.CXD(1))GO TO 434
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430
£32

£3¢

437
%40

¢50
%52

45¢
456

458
%60

.86

L£R7

“po

490

141

142

N0 430 L=1,KPPX
TF(X7-CXD(L) V430,436,438
CONT INUE

CXXP=0,.

GO TN 440

CXXP=CX(1)

GN TN &40

& CXXP=CX(L)

GO TN 440

CXXP=CX(L=1)+(XZ =CXD(L=1))*(CX(L)=CX(L=1))/(CXD(LI=CXD(L=1))
CONT INUF

IF(KPPC.LF.0)GO TN 452
IF(X772.GF.CVN(1))IGO TN 454

DN 450 L=1,KPPC
IF(X7Z=CVN(L))450,456,%458
CONTINUE

CXVP=0,

GO TN 4k0

CXVP=CVI(1)

G0N T0O 660

CXVP=CVI(L)

G0 TN ¢60
CXVP=CV(L=1)+(XZZ=CVD(L=1))*(CV(L)=CV(L=1))/(CYD(L)I=CYD(L=1))
XPDOT=(TOTP-CXXP-CXVP) /PMASS~9B0.7
XNB=XNDOT*DELTA

IF(DABS(XDR) (LTLUEP)GO TO 496
XDRT=XDRT+XCA

IF(KR1.,EQ.,2)GD TO 485
777=7(XPP1,JMAX2)+XDBT*DELT
I1S(7277-2Z0(KPP1,JMAX2))4B0,480,%482
XDRT=0.

2717=70(KPP1,JMAX2)

CONTINUE

DN 4R4 I=KPP1,KPP22
Z(1,JMAX2)=7171
IDOT(1,JMAX2)=XDBT

LU L eve

277=YMX+XDBT*NELT
IF(227-YMXD)4R6,%496,487
XPRT=0,

772=YMX0

CONTINUE

DD 4e0 I=KPP1,KPP22
IF(Z(T,JMAX2)=-YMX)490,489,%89
IPNT(1,JMAX2)=XDBT
Z(1,JMAX2)=272

CONTINUE

YMX=777

CONTINUF

DO 150 J=2,JMAX2

D0 150 I=2,1MAX2
R(I4J)=R(TI,J)+RNOT(I,J)*DFLT
IF(JeMELIMAX2)GO TN 164
IF(KPP.NF.0)GO TO 141
Z(T9J)=7(1,J)42D0T(T,J)*DELT
IF(KRL1,NF,2)G0 TD 148
TRE7(T9J)eGELYMX)7(T,4J)=YMX
GN TN 148

IF(KBL1.NF,2)GN TN 148
IF(14LT«KR11)GN TN 148
IF(I4GT4(KR1241))G0 TO 148
IF(1.LT<KPP1)GO TN 142
[FIIGTL(KPP2+41))6GN TO 142
TF(7(14J)eLTL.YMX)GD TO 14&
7(1yJ)=YMX

5N TN 148
TF(7(TyJ)elLTLYMXN)GO TO 146
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146
148

147

149

Z(1,J)=YMXD

GO TN 148

Z(1yJ)=2(1,J)4200T(1,J)*DELT

CONT INUF

IF(I.NF,IMAX2)GD TO 147

IF(KR2.,NF,2)60 TO 147

IF(P(I,J)eGEYMSIR(I,J)=YMS

CONT INUE

IF(JNEL2)GO TO 164°

IF(KR3,NF,2)60 TO 149

TF(Z(T4J)eLEJYMN)Z(T,J)=YMN

CONTINUE

IF(J.EQ.JMAX2)GO TO 150

IF(1.FN.IMAX2)G0 TO 150

TKE=TKE+PIOA%MZERO(T ,J) *(RDOT(I,J)*RDOT(1,J)+ZDOT(I,J)*
L1Z00T (T4 J)4ROCT (1, J+1)*RDOT(1,J+1)+ZDOT(I,J+1)*%ZDOT(1,J+1)+
2RNOT(T14#1,J#1)*RDOT(I41,J+1)+7D0T(I+1,J+1)*ZDOT(I1+1,J+1)+
3ROOT(I+1,J)*RDOT(I+41,J)+2Z00T(1+1,J)#*ZD0OT(1+1,J))

150 CONTINUE

504
506

s12
513
514
536
541
543
5642

RETURN
END

SUBROUTINE HYDRO2(R,ZyRDOT 4 ZDOT yMZERO,P,VP,EyRHOyRO,20,SCy SSRySSZ,
1SSTyKTXyKTY yKMX)

IMPLICIT REAL®8(A=H,0-7)

DIMENSTON R(TMAX3,JMAX3),7( IMAX3,JMAX3),ROOT (IMAX3,JMAX3),
LZDOT(IMAX3, JMAX3) ,RO(CTMAX3, JMAX3 ), Z0( IMAX3, JMAX3), MZERO( TMAX3, JMAX
23),F(IMAX3,JMAX3), P (IMAX3,JMAX3) ,RHO(IMAX3, JMAX3), VP (IMAX3,JMAX3),
3SC(IMAX3,JMAX3) \KTX(TMAX3,JMAX3) ,KTY(IMAX3, JMAX3)

&, KMX(IMAX3, JMAX3)

NIMENSTON SSR(IMAX3,JMAX3),SSZ(IMAX3,JMAX3),SST(IMAX3, JMAX3)

COMMON TMAX, JMAX, TMAXLy JMAXL, IMAX2, JMAX2y IMAX3, JMAX3 ,NCYCL ,
LIW,JW, ISTOP, 1QQ, JAQ, IDMy JDM,KB1 ,KB2 yKB3 4 KPP ,KPP1,KPP2,KPPX4KPPCy
2KPLL4KPL2 yKB11yKB12,KR31,KB32,NPP,NCL,KXP(20) ,KYP(20),KXYP(1000)
3,KR21,KB22,M11,M12,M21,M22,M31,M32,KNX(10), IDUT
6yMT(10)4MI(10) 4 MTHI10) yMTV(10),MTC(L0),MTX( LDOO) 4MTP (1000) 4KNP(10)

COMMON /A/ DFLT,DELTO,TIME,DIST,WMAX,TITLE(20)4PP(20,50),VV(20,50)
14,PN(20),ED(20),60(20),C0(20),AA(20),BB(20),CC(20),V0(20),CCP(20),
2CCK(20)4CPLG(20),CRHN(20),CE(20),CP(20) ,CWB(20),CWNI20),CX(50),
3CXD(50),CVI50)4CVYD(50) yCX14CX24CX3,PMASS,FZERD,EB, PLUG,PRS(6,1000)
4, TME(1000),PLGF(1000)YMXyYMS,YMN,CRP1,CRP2,CRP3,CREL,CRF2,CRES,
SRHOL,RHO2,RHO3 4 ZERM1, ZERM2 s ZERM3 ,XYP(10) ,XEU(L0) s TKE,TIE,TM, YMXO
69 THH(LO) y THV(10)  XME(10) y XRHO(10) s XPR(10) 4 XSS(10,50)4XSR(10,50)
74XDBT

PEAL® SSR,SSZ,SST,VP,R0,20,SC,RDNT,ZDOT,MZERD

REAL*®4 TME,PLGF,PRS,TITLE, TIN

INTEGER*2 KTX,KTY,KMX

DATA PI/3.,1415926536/

FORMAT (' PRESSURE-ENERGY ITERATION HAS NOT CONVERGED FOR POINT®,
1215)

FORMAT (1HO, 7X, 'TIME  INTERNAL ENERGY KINETIC ENERGY',3X,

L'TOTAL FNERGY',/4FE15,7)

EORMAT(5X,' FORCE ON PLUG EXCEEDS ALLOWABLE VALUE ',2515.7)

FNRMAT(SX,' ALLOWABLE STRAIN IS EXCEEDED')

FORMAT(16,5F14.6)

FORMAT(1542E1646,4X,6F1446)

FNPMAT (' PRESSURE ENERGY ITERATION HAS NOT CONVERGED-TOP')

FNRMAT (' PRESSURE ENERGY ITERATION HAS NOT CONVERGED-BOTTOM!')

FNRMAT(* PRESSURE ENERGY ITERATION HAS NOT CONVERGED-SIDE')

PINL=P] /&,

PI2=PI%*2,

PI02=P1/2.
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165

170

UFP=04

DN 220 J=2,JMAX]

NN 220 1=2,IMAX2

DR TK=0,

LY=KTY(1,J)

LX=KTX(I,44)

IF(T.EN04IMAX2)G0 TO 202

1 1=T+]

Jl=J+1

R1=R(T14J)=-R(I,4J)

Z1=72(11,4)=2(1,J)

D1=R1¥R1+71*71
VI=(RPOT(TL,yJ)=RNOT(T,J))¥R14(ZDIT(I1,J)=ZD0T(1,J) )%71
R2=R(I1,J1)=R(I1,J)

12=7(11,J1)=-2(11,J)

D2=R2¥R2+72%72
V2=(RDOT(I1yJ1)=RDOT(I1yJ))*R24(ZDNT(I1,4J1)=ZDNT(I1,4J)) %22
R3=R(T,J1)=-R(I1,J1)

23=2(1,J1)-2(11,J1)

D3=R3¥R3473%73
V3=(PNOT(1,J1)=RDOT(I1,J1))*R34(ZDOT(I,J1)=200T(11,J1))%23
R4=R (I,J)=-R(T,J1)

26=7(1,J)=7(1,J1)

NG=R&EPLATLR 4
Ve=(RDOT(T,J)=ROOT(T1,J1L))1%R&44+(ZDOT(I,J)=2DOT(1,J1)) %76
RE=R(I1,J1)=R(T,4J)

15=72(114yJ1)=-2(1,4J)

=R5%R5+75%75

X5=RDOT(I1,J1)=-RDOT(I,J)

YS=ZDOT(I1,J1)=ZDNT(I,J)

V5=X5%RS4+YS*75

R6E=R(I1,J)=R(I,J1)

26=Z(11,J)1-7(1,J1)

D6=RE*RE+TEXT76

X6=RDOT(I1lyJ)=RDOT(I,J1)

Y6=ZNOT(I1,J)=-2ZDOT(I,J1)

VE=XE*PE+YEXT A

DMST=DMAX1( DMAX1(D1,D3)/DMINL(D1,D3),DMAX1(D24N&)/DMINL(D2,

1C04%),DMAX1(D5,D6)/DMINL(D5,06))
IF(DMST.LE.DISTIGN TO 162
DIST=NMST

INM=1

JDM=]

CONTINUE

AREA=0.5% (Z54R6-R5%76)
CTRD=0425%(R(TyJI#R (T4 J1I4F(I1,J)4R(I1,J1))
VOL=ARFA*CTRD

TF(RNOT(I 4J )eNELO,0)GO TOD 165
TF(RDOT(T1yJ )eNE,0.0)GO TO 165
IF(RDOT(T 4J1)«NE.0.0)GO TO 165
IF(RDOT(I19J1)eNEe0,0)GO TO 165
IF(700T(I 4,J )eNE.040O)GD TO 165
IF(7P0T(TI1lsJ )eNE4O.OIGO TO 165
IF(ZDNT(T ,J1)«NE.0.0)GO TO 165
IF(70NT(I14J1)eNEL0,0)GN TO 165
DELV=0.0

FHOT=RHO(I,J)

PTEMP=P(1,J)

ETEMP=E (T 4d)

VP1=0.

GN TN 200

CONT INUE

RHNT=M7FRND(I,J)/VOL
NELV=140/PHOT=140/RHN(T 4J)
IF(DELVeGE<DLOIGDO TO 170
VPL1=1e%462AREAYCRHN(LX) X RHOT*RHOT&(DFELV/DELT )%k
GO TO 180

VP1=0,
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182

184
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260
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278

27°
290

220

295

297

268
299

300

346

350

CONTINUE

PSTAR=P(1,J)
IF(CPLGILX).EQ.0,0)GD TO 18¢€
A2A=ARFA+ARFA
DRNR=(X6%25-X5%74)/A2A
NINZ=(YE#RE-YL%R5) JA2A
RDR=NELV*¥RHOT/CELT=(DRDOR+CZNZ)
SSP(TyJ)=SSR(1,J)+DRDR*DELT
SSZ(14J)=SSZ(14J)+DZD7*DELT
SSTUT,J)=SST(I,J)+ RDR*DELT
IF(SSRIT,J)eGFLCPLGILX)IGOD TO 184
TF(SSZ(I14J)«GF.CPLGILX))IGO TO 184
IF(SSTIT,J).GELCPLG(LX))IGO TN 184
GO TN 186

1STNP=2

CONT INUE

GO TO (260,300),LY
RATIO=14/(RHOT*VO(LX))
IF(RATINLLE.VVILX,1))GO TO 278

DD 270 L=1,50
TFIVVILXsL)eFD,0.,)G0 TO 27
TE(RATIN=-VV(LX,L))290,280,270
CONT INUE

PH=0,.

G0N TO 25

PH=PP(LX, 1)

GO TO 295

L=L-1

PH=PP(LX,L)

GN TO 295

PH=PP(LXyL=1)#(RATIO=VV(LX,L=1) )*(PP(LXyL)=PP(LXsL=1))/(VVILX,L)~
LVVILXyL=1))

CONTINUE

HP=PH

PH=PH%1,0E9+PN(LX)

[FILX.NF.8)G0 TN 296

TF(HPLLF.136,)G0 TO 297
TF(HP.GF.217.9)G0 TO 298

G=GO(LX )+ (CO(LX)=GO(LX))*(HP=136)/81.9
GO TO 299

CONTINUF

ITFILXeNF43)GO TO 297

IF(HP.LE.131.)G0 TO 297
1F(HP.GF,321.)G0 TO 298
G=GO(LX)+(CO(LX)=GO(LX))*(HP=131,)/190.
GO TO 29¢

G=60(LX)

GN TN 200

G=CO(LX)

CONTINUF

EQUATION NF STATE - SOLIDS AND LIQUIDS
FH=ED(LX)+0. 5% (PH+PO(LX) )*(VO(LX)=14/RHOT)

ETEMP=(F(1,J)+DDTK=045%(PH-G*RHOT*EH+VPL+P(1,J) )*DELV)/
L(1440.5¥G*RHNT#DELV)

PTEMP=PH+G*RHOT*(ETEMP-EH) +VP1

60 TO 200

CONTINUE

N0 190 L=1,20
ETEMP=E(1,J)+DNTK-0.5*%(PSTAR+P(I,J) )*DELV
IF(LX«GT41)GO TO 344

EQUATINN OF STATE - CORE
PTEMP=AA(LX)*NEXP(=BRILX)/(ETEMP+CC(LX)))
Gn TN 350

CONTINUE

EQUATION OF STATE - ARGON
PTEMP=AA (LX) *ETEMP*RHOT

CONTINUF
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190

200

210

202

207

209
211
213

214

215

PTEMP=PTEMP+VPL
IF(DARS(PTEMP=PSTAP ) /DABS(PTEMP+,001).LT+0.001)60 TO 200
PSTAR=PTEMP

PRINT 504,1,J

ISTRP=1

RETIIRN

TIE=TIE+PI*MZERO(T,J)*(ETEMP+E(1,J))

W= (CWN(LX)* (PTEMP+CWB(LX) )/ (RHOT*AREA) ) # (DELT/1.2) %2+

14, 0¥NARS (DELVARHOT)

IF(W.LE.WMAX)GO TN 210

WMAX=W

TW=T1

JW=J

RHO(I,J)=RHOT

P(I,J)=PTEMP

E(1,J)=ETEMP

VPI(I,J)=VP1

IF(KMX(I,J).EQ.0)G0 TO 220

LT=KMX(T,J)

L=MTX(LT)

IF(MTP(LT)«GT.1)GO TN 218

IF(THH(L) «LE40,0)G0 TO 220

M1=MI(L)

M2=MJ(L)

AR=R (M]1,M2)=R(2,M2)

WN=Z(M1,M2)=-2(2,M2)

UL=R(M]1,M2)=RN(M1,M2)

CUl=U1/(AR-U1)

W3=WN*WO/ (AR¥%*3)

IF(I.NE.2)G0 TO 204
UPL=R(T+1,J)%(AR=R(I+1,J))*W3¥(1,1B5-1.75%R(1+1,J)/AR)
UT1=(AR=R(I,J))*W3*(1,185-1,75%R(I,J)/AR)

DURP 1=UP1/R(T+1,J)

UP2=F (142,J)%(AR=R(I1+2,J))*%W3*(1,185=-1,75*R(1+2,J)/AR)
UPN=040

UR1=NUR1+NUR13DURL/ 2«

GO TQ 215

IF(1.NFe3)G0 TO 206

UN1=0,0

60-TD - 211

IF(TeNEL(M1=-2))GN TO 208

up2=Ccul
UNL=R(T=14J)%(AR-R(I=1,J))*W3*(1.,185-1.752R(I-1,J)/AR)
GN TN 213

IF(I.NE.(M1-1))6GN TO 209

uel=cul
UNL=R(T=1,J)*(AR=R(I=1yJ))*W3¥(1.165-1475*R(I-1,J)/AR)
uPN=F (1 s J)¥(AR=P(T 4J))3W3*(1,185-1,75*R(] vJ)/7AR)
UT2=UPL/R(1+1,J)

DR2=(R(I+1,J)=-R(I,J))/2,

DUR2=(UPL1=UPN)/(2.,¥DP2)

UR2=CUF24+NDUR2%DIIR2/2,

G TD 214
UNL=R(T=1,0)*(AR-R(I=14J))#W3*(1,185-1,75*R(I-1,J)/AR)
UP2=R(142,J)*(AR=R(142,J))*W3*(1,185-1.75%R(1+2,J)/4R)
UPN=R (I ,J)*(AR=-R(] 1 J)IFW3R(]1,185-1,75%R (] vJ)/AR)
UPL=P(T+1,J)*(AR=R(IT+1,J))2W3*(1,1E5=1,T75*%R(1+1,J)/AR)
DRI=(R(I+1,J)-R(I=1,J))7/2,

DURL=(1P]1-UNL)/(2.%DR1)

UTL=(UPN+CUL)/R(I,4J)
DWRLI=((20(T41,J)=7(141,J))=(2ZN(T=14J)=7(1=14J)))/(2.%DR1)
UR1=DURL+(NURL*DURL+NWR1*DWR1) /2,

IF(TI.FPe(M1=-1))GD TO 216

DR2=(P(T+424,J)-R(1,J))/2,

DUR2=(UP2=11PN)/(2.%NR2)
DWR2=((7N(T1+42,J)=7(142,4))=(701(1] WJI)=701 WJ) V)71 2.%NR2)
UT2=(UP1+CULY/R(T+1,J)
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1539
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1561
1542
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1546
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1550
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218

220

230

232

240

265

608

609

611

610

612

614

616

620

UP2=DUR2+ (DUR2*¥NUR2+DWR2¥DWR2) /2,
SSTUI,J)=(UT1+UT2)/2.
SSRIT,J)=(URL+UR2)/2.4CUL

GN T0 220

CONTINUE

TF(THVIL) .LE.0.0)GO TO 220

SSTUT4J)=0a5%((RUT,J)=RO(TJ))/RI(THJI(RIT,J*1)=-RO(I,J+1))/RO(I,J

1+1))

CONTINUFE

TPL=04,0

IF(KPL1.FN.0)G0 TN 240

NN 232 1=KPL1,KPL2

IF(KRL,NF,2)6G0 TO 230
IF(7(1,JMAX2).LT.YMXIGD TO 221
IF(Z(141,JMAX2).GE.YMX)GO TOD 230
CONT INUFE

6N TN 232
TPL=TPL4PIN2#P (T, JMAXL)*(R(T+1,JMAX2)**%2-R(],JMAX2)%%2)
CONT INUE

IF(PLUGLLE.0,0)G0O TO 240
IF(TPL.LEL.PLUG)GN TO 240

PRINT S12,TPL,PLUG

1STOP=1

CONTINUF

IF(ISTNPNF,2)G0 TO 245

PRINT 513

1STOP=1

CONTINUE

IF(KR1,NEL2)6G0 TN 618
IF(ZERM1.FQ.0)G0O TO 618
IF(KR12,GE«IMAX2)G0 TO 612
I1=KA11l

12=KR12

VLM1=0.0

AR1=0.0

DO 609 J=T1,12

IF(7D0T(JyJMAX2) NFe0.01GD TN 611
CONT INUE

GO TO Ale

CONT INUF

DN 610 I=I1,12 .
DI=R(I+1,JMAX2)=R(],JMAX2)
Z1=YMX=045%(Z(1+1,JMAX2)4Z(1,JMAX2))
Al=71%D1

AR1=ARP1+A1L
CTRN=0,5%(R(T+1,JMAX2)+R(]I,JMAX2))
VLM1=VLM1+AL*CTRD

CONTINUE

6N TO 616

11=KR11

12=1MAX1

GN TN 608

IF(KP12.LF.IMAX2)G0O TO 616
DLl=YMS=R (IMAX2, JMAX2)
71=YMX=Z(IMAX2,JMAX2)

Al=71%D1

AR1=AR1+A1

CTRD=0,5* (YMS+R(IMAX2,JMAX2))
VLMLl=VLM1+AL*CTRD

CONTINUE

KJJ=1

RHOT=ZFRM1/VLM1
DELV=1./RHNT=1./RHO1

VP1=0.

IF(DFLVeGE«0.0)GO TO 620

VP 1=1e44%AR1¥CRHO(ML 1) *RHOT*RHOT* (DELV/DELT) *%2
PSTAR=CRP1
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1598
1599
1600
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1602
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1604
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1607
1608
1609
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80

622

613

6280

629

631

630

€32

634

636

642

638

ACH=AA(M11)

DNTK=040

CALL EOSR(PTFMP‘ETFMP,CRPI'CREl.ODTK.DFLVqVPI'ACHpRHOT.!SYﬁb
IF(ISTP,EN,0)GO TO 622

PRINT &¢1
TIE=TIF4PI*7FRML*(FTEMP+CRF1)
RHOL=PHOT

CRP1=PTEMP

CPE1=ETEMP

PRINT 514,KJJ,PTEMP,ETEMP,RHOT,VP1,DELV
CONT INUE

IF(KR3.NEL.2)GD TN 638
IF(ZFRM3,FQ,0)GN TO 638
IF(KR32,6GF4 IMAX2)G0 TN 632
11=KR3]

12=KR32

VLM3=0,0

D0 62¢ J=1I1,12

IF(ZNNT(Jy2) eNEe0.01G0 TO 631
CONTINUE

GN TO 438

CONTINUF

AR3=0,0

D0 430 I=I1,12
N1=P(I+1,2)-R(1,2)
71=045%(7(1+1,2)+42(1,2))-YMN
Al=71%N1

AR3=AR34+A1
CTRD=045%(R(I+1,2)4R(1,2))
VLM3=VLM3+A1*CTRD

CONT INUE

GN TN 63¢

11=KR31

12=TMAX1

G0 TN 528

IF(KR32,LFE.,IMAX2)G0O TO 636
D1=YMS=-R(IMAX2,2)
21=7(IMAX2,2)-YMN

Al=721#D1

AR3=AR3+A1

CTRD=0.5% (YMS+R( IMAX2,2))
VLM3=VLM3+A1%CTRD

CONTINUE

KJJ=3

RHOT=ZERM3/VLM3
DFLV=1./RHOT-1./RHC3

VP1=0,.

IF(NDFLV.GELD.0)GO TN &40
VP1=1e¢4%*AR3%CRHN(M3]1)*RHOT*RHOT*(DELV/DELT )%%2
PSTAR=CRP3

ACH=AA(M3])

CALL EQSB(PTEMP,ETEMP,CRP3,CRE34NDTK,DFLV,VP1yACH,RHOT,ISTP)
DDTK=0.,0

IF(ISTP.FQ,0)G0 TN 442

PPINT 543
TIE=TIC4+PI*ZERM3*(FTFMP+CRE3)
RHO3=RHOT

CRP3=PTEMP

CRF3=ETEMP

PRINT S144KJJyPTEMP,ETEMP,RHOT,VP1,DELYV
CONTINUF

IF(KR2,NF42)GN TN €5R
IF(7ERM2.FN,0)GN TN £58
VLM2=0,0

AR2=0,0

IF(KR214RF 42160 TN K&t
D1=YMS=P(IMAX2,2)
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644
E4h6

650
652

654

656

652

658

243

71=7(I“AX2,2)=YMN

Al=71%n1

AP2=£LR24A1

CTRD=0,5% (YMS#R(IMAX2,2))
VLM2=VLM2+A1#CTRD

I11=2

GO TN €4¢

11=KkA821

IF(KR22,GF 4JMAX2)G0 TO 452
12=KR22

CONT INUF

N0 649 J=11,12
IF(RDNT(IMAX2,J)«NF,0.0)6G0 TO 451
CONTINUE

GO TN é58

CONT INVIF

DO 650 I=11,12
N1=YMS=0,5%(R(IMAX2,1)4R(IMAX2,1+1))
71=7(IMAX2,141)=Z(IMAX2,1)
Al=71%01

AR2=AR2+A1
CTRPD=0,5%(YMS+0,S*¥(R(IMAX2, T)+R(IMAX2,I+1)))
VLM2=VLM2+A1*CTRD

CONT INUE

GO TN 454

12=JgMAX1

GN TO 648

IF(KR22.,LE«JMAX2)6G0 TO 656
D1=YMS=R(IMAX2,JMAX2)
Z1=YMX=-Z(IMAX2,JMAX2)
Al=71%01

AR2=AR2+A1
CTRD=0.5%(YMS+R(IMAX2,JMAX2))
VLM2=VLM2+A1*CTRD

CONT INUE

KJJ=2

RHOT=2FRM2/VLM2
DELV=14/RHNT=1,/RHN2

VP1=0,

IF(DELVeGF.0.01G0 TN 660
VPI=l.‘L'APZ‘CRHO(MZl)'RHOY‘RHOT‘(DELV/DELT':.Z
PSTAR=CRP2

ACH=AA(M21)

CALL EQSR(PTEMP,ETEMP,CRP2,CRF2,DDTK,DELV,VP1,ACH,RHOT,ISTP)
NDTK=0.0

IF(ISTP,EQ.O0)GN TO 662

PRINT 542
TIE=TIE+4PI®ZERM2*(ETEMP+CRF2)
RHO2=RHOT

CRP2=PTEMP

CRE2=ETEMP

PRINT 514 ,KJJ,PTEMP,ETEMP,RHOT,VP1,DELV
CONT INUE

FR=TIE+TKF

PRINT 506, TIME, TIE,TKE,EB
NCL=NCL+1

NPN=1

IF(NPP,GT.0)GO TD 243
IF(KPL1.LEL.O)GO TO 249

GO TN 248

CONT INUF

IF(NPP.LE.O)GD TO 248
NPN=NDP

NN 247 L=1,NPP
I1=TABS(KXP(L))
JJ=182S(KYP(L))
IF(KXP(L)eGTL0IGO TN 244
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82

24k
267
262

240

152

165

510
212

PRS(LyNCL)=R(IT,JJ)=ROLIT,JJ)
GN TO 247

IF(KYP(L)eGTo0)GO TN 246
PRS(LyNCLYI=Z(I1,JJ)=20(T1,JJ)
GO TO 267

PRS(LyMCLI=P(IT,JJ)

CONT INUF

CONT INNF

PLGF(NCL)=TPL

TME(NCL)=TIME
KXYP(NCL)=NCYCL+1

PRINT 536.KXYP(NCL‘vTME(NCL).PLGF(NCL)'(PFS(L:NCL!vL=l'N9“,
CONT INUF

RETURN

END

SUBRNUTINE EQS3(PTEMP,ETEMP,PTP,ETP,DDTK,DELV,VP1,ACH,RHNT, ISTP)
IMPLICIT REAL*8(A-H,0-7)

I1STP=0

PSTAR=PTP

NO 162 L=1,20

ETEMP=FTP+NDTK—0,5% (PSTAR+PTP)%DELY

DTEMP=ACH*=TEMP#RHOT

PTEMP=PTFMP+VP1

I (NARS(PTEMP-PSTAR) /DABS(PTEMP40,001).LT.0.001)GN TN 195
PSTAR=PTEMP

15TP=1

RETIPN

END

SYUPRNUTINE PRINTF(R,7Z,RDOT,7DOT,MZFRO,P,VP,E,RHO4RN,70,SC,SSR,SSZ,
1SSTyKTX o KTY s KMX)

IMPLICIT REAL®*B8(A-H,N-Z7)

DIMENSION R(IMAX3,JMAX3),Z(IMAX3,JMAX3),RPOT(IMAX3,JMAX3),
LZDOT(IMAX3,JMAX3) ,RO(IMAX3,JMAX3),Z0(IMAX3, JMAX3) ,M7FRO( TMAX3, JMAX
23)yC(IMAX3,JMAX3),P(IMAX3,JMAX3),RHO(IMAX3,JMAX3),VP(IMAX3,JMAX3),
3SC(IMAX3, JMAX3) KTX(TMAX3,JMAX3) 4KTY(TIMAX3, JMAX3)

% yKMX(IMAX3,JMAX3)

DIMFENSION SSR(IMAX3, JMAX3),SS7Z(IMAX3,JMAX3),SST(IMAX3,JMAX3)

CNMMON IMAX, JMAX, TMAX1yJMAX]1,TMAX2,IMAX2,IMAX3,IJMAX3,NCYCL,
LIW,JW,1STNP,1QQ,J0Q,IDM,JDPM,KRL,KB2,KR3,KPP,KPP],KPP2,KPPX,KPPC,
2KPL1yKPL2yKPR114KB12,KR31,KB32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
3,KB21,KR22,M11,M12,M214M22,M31,M32,KNX(10),I0UT
LyMT(10)yMI(L0)yMTH(LO) yMTV(10) 4MTC(10)4MTX(1000),MTP(1000),KNP(10)

COMMON /A/ DELT,OFLTOWTIME,DIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P0(20),FN(20),G60(20),C0(20),4A(20),R8(20),CC(20),VN(20),CCP(20),
2CCK(20),CPLG(20)4CRHD(20)4CF(20),CP(20) 4CWR(20),CWN(20),CX(50),
3CXD(50)yCV(50),CVN(50)4CX14CX2,CX3,PMASS,EZFRN,ER,PLUG,PRS(6,1000)
£y THME(LD00) yPLGAF(1000)y YMX,yYMS,YMN,CRPL,CRP2,CRP3,CREL1,CRF2,CRF3,
SPHOL1,RHO2,RHN3, 7FRM]L 4 ZERM2, ZFRM3 ,XYP(10) yXEU(L10) yTKF,TIF,TM,YMXO
EyTHHI10) y THVILI0O) ¢ XME(10) y XRHN(10) 4 XPR(L10O) 4XSS(10,50)4XSR(10,50)

7, XDRT

RFAL*% SSR,SS7,SST,VP,R0O,Z0,SC,RNNT,2ZDOT,MZFRO

REAL¥4 TME,PLGFPRS,TITLE,TIN .

INTEGER#2 KTX,KTY,KMX

FORPMAT(IH ,30X,18A¢/7)

FORMAT(1HO, ' CYCLF NN='4I5,"' AT TIME ',F1l5.7)

1802
1803
1804
1805
1806
1807
1808
1209
1810
1811
1812
1813
1814
1815
1816

1817
1818
1819
1220
1821
1822
1823
1824
1R25
1826
1827
1828
1829
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514 FNEMAT(1HO,' ZONE',6X, 'R',14X,'7%,12X, "RADTAL VEL.'s4X,
1'AXIAL VFL.',Sx.'PPESSURE"7X,'ENERGV'.“X"nENSITV',BX,'NASSH
2 CXy'MT PH', /¢ R 7,7}
515 FORMAT(1H ,213,8E15.7,13,12)
518 FORMAT(1HO,' 70NE',6X,'R',16X,'7',12X, 'RAPIAL VEL. ", 4X,
L'AXTIAL VEL.'y5X,'PRESSURE',6X, 'VISCOUS PRESS, ENERGY',09X, *DENSITY
2" 46Xy 'MT PHI, /0 R Z',7)
520 FNRMAT(IHL)
522 FORMAT(1H )
PRINT 520
PRINT S10,(TITLE(I),I=1,18)
PRINT S12,NCYCL,TIMF
IF(NCYCL.NFL,0)GN TN 30
PRINT S14
0N 25 J=2,JMAX2
nn 20 1=2,IMAX2
PRINT ‘lé.Y.J.R(l.Ji.I(I.J).RDUT(I.J).ZNDT(I.J)'P(I'J)'F(I.J).
IPHOUT 3 J) g MZEROD(T 4 ) yKTX(T4J)yKTY(T,J)
20 CONTINUE
PRINT 522
25 CONTINUE
6N TO S50
30 PRINT 518
N0 &5 J=2,JMAX2
PO 40 I=2,1MAX2
PRINT S16,19JsROTeU)aZ(T4J)oRDOT(T43J),200T(I4J),P(T14J),VP(T,J),
LECTyJ)yRHDCT 40 ) yKTX(T4J) oKTY(I,J)
40 CONTINUF
PRINT 522
45 CONTINUF
50 CONTTINUE
RETURN
END

SUBRNUTINE PRINTL(R,Z,RNOT,ZNOT,MZERO4P,VP,F,RHO,R0,20,SCySSR,5SZ,
L1SST,KTXyKTY,KMX)

IMPLICIT REAL¥B(A=H,N=7) .

DIMENSION R(IMAX3,JMAX3),2(IMAX3,JMAX3),RDOT(IMAX3,JMAX3),
12D0T (IMAX3,JMAX3),RO(TMAX3, JMAX3),Z0( IMAX3, JMAX3),MZERN( TMAX3, JMAX
23) yE(IMAX3,JMAX3),P(IMAX3,JMAX3) ,RHO(IMAX3, JMAX3),VP (IMAX3, JMAX3),
3SC(IMAX3, JMAX3) yKTX(IMAX3,JMAX3) ,KTY(IMAX3, JMAX3)

6 KMX(IMAX 3, JMAX3)

DIMENSION SSR(IMAX3,JMAX3),SSZ(IMAX3,JMAX3),SST (IMAX3, JMAX3)

PIMENSION UL(12),02(12),U3(12),U46(12),US(12),U6(12),UT(12),
1UB (12),UA(12),UR(12),UC(12),UD(12),UE(12),U(12)

COMMON TMAX, JMAX, IMAX1,JMAX1, IMAX2, JMAX2, IMAX3, JMAX3,NCYCL,
LIW,JW,ISTOP,1Q0,JQQ,IDM, JDM,KB]1,KB2 ,KB3,KPP,KPP],KPP2,KPPX,KPPC,
2KPL14yKPL2yKR11,KR12,KB3]1,KR32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
3,KB21,KR22,M11,M12,M21,M22,M31,M32,KNX(10),10UT
Ay MI(10),MJ(10) 4MTH(10),MTV(10),MTC(10) ,MTX(1000),MTP(1000) KNP (10)

COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22(10), T1Xy 12X, J1X,J2XyKK(120)

COMMON /A/ DELT,DELTO,TIME,DIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P0(20),EN(20),G0(20),C0(20),AA(20),BB(20),CC(20),VD(20),CCP(20),
2CCKX(20),CPLG(20),CRHN(20),CE(20),CP(20),CWR(20),CWNI(20),CX(50),
3CXD(50),CVIS0),CVD(50),CX1,CX24CX3,PMASS,EZERN,ER,PLUG,PRS(6,1000)
4, TME(1000),PLGF (1000) 4 YMX,YMS,YMN,CRP1,CRP2,CRP3,CRF1,CRE2,CRE3,
5RHOL,RHN2,RHO3, ZERML,7ERM2, ZERM3,XYP(10) ,XEU(10) ,TKE,TIE,TM,YMXO
63 THH(10) 3 THV(10)  XME(10) , XRHO(10) y XPR(10),XSS(10,50),XSR(10,50)
7,XDBT

REAL*4 SSR,SSZ,SST,VP,R0O,Z0,SC,RNOT,2ZDOT,MZERD

REAL¥4 ULl4U2,U3,U&,US,U6,UT,U8,UA,UR,UC,UD,UE,U

RFAL*4 TME,PLGF PRS,TITLE,TIN
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1891
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1894
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84

N -

'

BP0 ®N N

A0

85

10

—

f6

102

90

REAL*4 RMyZM,RNOTM, ZDOTM,SMR, SMZ,SMT,PM, EM,VPM,PHOM
INTEGER#2 KTXyKTY,KMX

CATA U1
u2
u3
4
us
Us
n7r
R
UA
R
uc
un
UE

SMR=0,

SM7=0.

SMT=0.

RM=0,

IM=0,

RPOTM=0

ZD0TM=0

PM=0

VPM=0

EM=0

RHOM=0

Vi)
/!
/"
VAl
T
V&
Yl
VAl

RADIAL POSITION OF GRID POINTS
AXTAL POSITION NF GRID POINTS
RADIAL VELOCITY OF GRID POINTS
AXIAL VELNCITY OF GRID PNINTS
PRFSSURE OF ZONES

VISCNUS PRESSURE OF ZONES
SPECIFIC INTERNAL FNERGY OF ZONES
DENSITY OF ZONES

/'RADIAL DISPLACEMENT 0OF GRID POINTS

y L
Fy
79
/0

AXIAL DISPLACEMENT DF GRID POINTS
RADIAL STRAIN NF ZONES

AXIAL STRAIN OF ZONES

ANGULAR STRAIN OF Z0ONES

DN 30 J=2,JMAX2

DO 80 I=2,IMAX2

RM=AMAX1(RM, SNGL(NABS(R(I,J)=RO(I,J))))
ZM=AMAX1(7M,SNGL(DABS(Z(1,J)=-20(1,J))))
RDOTM=AMAX1(RDOTM,ABS(RDOT(I,J)))
ZD0TM=AMAX1(ZNOTM,ABS(ZDOT(I,J)))
SMR=AMAX1(SMR,ABS(SSR(I,J)))
SM7=AMAX1(SMZ,ABS(SS7(TI,J)))
SMT=AMAX1(SMT,ABS(SST(I,J)))
IF(I.EN.IMAX2)GN TN 20

IF(JeEQeJMAX2)GN TO 80
PM=AMAX1(PM,SNGL(DABS(P(I,J))))
EM=AMAX1(FEM, SNGL (DABS(E(I,J))))
VPM=AMAX1(VPM,ABS(VP(I,J)))
RHOM=AMAX1(RHOM,SNGL(DABS(RHO(I,J))))

CONTINUF

IF(NCYCL)85,85,88

CONTINUE

RM=R (IMAX2,2)
IM=7(2,JMAX2)
DD 101 K=1,12

IK)=01(

K)

DN 86 J=2,JMAX2
PN 84 1=2,IMAX2
SCI,J)=R(1,J)

CONT INVE

CALL DISP(SC,SCyRM,U

PO 102 K=1,12

UIK)=U2(K)

DN 87 J=2,JMAX2
DO A7 1=2,1MAX2
SC(I4J)=7(1,J)

CONTINUF

CALL DISP(SC,SC,7M,1)

GO TO 10

! CONT INUF

0

DD 0 J=2,JMAX2
NO S0 1=2,IMAX2
SCUTyJ)=R(T1,J)=RO(T1,J)

CONTINUE

NO 109 K=1,12

AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT

TIMF
TIME
TIME
TIME
TINME
TIME
TIME
TIME
TIME
TIME
TIME
TIMF
TIMF

2 12X9J2X9121,122,021,J22,KK)

112X 4J2Xy121,1224021,J22,KK)

=/
=1/,
=1/,
=1/,
=1/,
=1/,
=1/,
=1/,
=1/
=0/
=1/,
=/,

=/
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1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1951
1962
1963
1954
1965
19656
1967
1968
1969
1970
1971
1972
1973
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UK)=JA(K)

CALL DISP(SC,SCyRMyU 412X9J2Xy121,122,J21,4J22,KK)
NN 95 J=2,JMAX2

00 95 1=2,1IMAX2

SCUT,J)=7(1,4)=-20(1,J)

CONT INUE

0O 110 K=1,12

U(K)=uUs(K)

CALL DISPISCoSCyZMyU 412X J2Xs12141224J21,J224KK)
CONTINUF

DN 103 K=1,12

HEKY=N3(K)

CALL DISP(SC4RDOTyRDNTUGU 412Xy J2Xs 12141224021 4J22,KK)
DN 106 K=1,12

U(K)=UA(K)

CALL DISPISC,ZDOT,ZDNTMyU 412X, J2XyT2141224J21,4J22,KK!
NN 105 K=1,12

U(K)=US(¥)

DD 96 J=2,JMAX2

DO 96 1=2,1MAX2

SCUI,J)=P(I,J)

CONT INUE

CALL DISPISCySCyPMyU oT1XyJ1XeT11,112,J114J12,KK)
DO 106 K=1,12

UK )=Uh(K)

CALL DISPUSC,VP,VPMyU o T1X,J1Xy 111,112,311, J12,KK)
DO 107 K=1,12

U(K)=U7(K)

D0 97 J=2,JMAX2

nn °7 1=2,1MAX2

SCUIyJ)=F(T1,J)

CONTINUE

CALL DISP(SCySCyEMyU yT1XyJ1X,T11,1124J11,J12,KK)
DN 108 K=1,12

U(K)=U3(K)

DO 98 J=2,JMAX2

DN 98 =2, IMAX2

SCUI,J)=RHO(T,J)

CONTINUF

CALL DISP(SC,SCyRHOMaU I1XeJ1X,I1141124,J11,4J12,4KK)
00 111 K=1,12 5
UIK)=UC(K)

CALL DISPUSCySSRySMRyU 4 12XyJ2X,y121,122,J21,J22,4KK)
b0 112 K=1,12

UK)I=UD(K)

CALL DISP(SC,SSZySMZyU o12X9J2Xy121412244214J224KK)
00 113 K=1,12

U(K)=UE(K)

CALL DISP(SCySSTySMT,U ,12XyJ2Xy1214122,4J21,J22,KK)
PRINT 530

FORMAT(1H1)

RETURN

END

SUBRNUTINE DISP(KC Ay AMAX Uy IXy Xy T19124J14J2,KK)
IMPLICIT RFAL*B(A-H,0-Z)

NIMENSTION KC (IMAX3,JMAX3),A(IMAX3,  JMAX3),U(12),11(10),12(10),

1J1(10),J2(10),KK(120)

COMMON TMAX, JMAX, TMAXL, JMAXL, IMAX2,JMAX2,TMAX3, JMAX3,NCYCL,
1IW,JW,ISTAP,1QQ,JQ0,10DM,JDM,KB1,K32,KB3,KPP,KPP1,KPP2,KPPX,KPPC,
2KPL1,KPL2,KR11,KBL12,KR31,KB32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)

3 KB21,KR22,M11,M12,M21,M22,M31,M32,KNX(10),I0UT
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AyMICL10)yMJ(10)yMTH(10) yMTV(10),MTC(10),MTX(1000),MTP(LOOO) 4KNP(10)
COMMON /A/ DELT4DELTO,TIME,DIST,WMAX,TITLF(20),PP(20,50),VV(20,50)
1,PD(20),EN(20),60(20),CN(20) yAAL20),BR(20),CC(20),VN(20),CCP(20),
2CCK(20),CPLG(20),CRHNI20)4CE(20)4CP(20) 4CWR(20) 4CWNI(20),CX(50),
3CXN(50),CVI50),CVDI50)4CX14CX2,CX3,PMASS,EZERN,FB,PLUG,PRS(6,1000)
4y TME(1000),PLGF(1000)y YMX,YMS,YMN,CRPL1,CRP2,CRP3,CRF1,CRF2,CRE3,
SRHNL,RHND2,RHO3, ZERM1 4 7ERM2, 7FRM3 4 XYP(10) y XEU(L0) yTKF,TIF,TM,YMXD

6y THH(10) y THV(10) , XME(10) , XRHO(10) , XPR(10) ,XSS(10,50) yXSR(10,50)
7,XDRT

€00
502
504
508
510
512
514
516

30
40

50

50

20

140
200

240

300

REAL#L U
REAL#4 A,AMAX

REAL*/ TME,PLGF,PRS,TITLF,TIN

FNRMAT(1HL)

FORMAT (25X, LRA%)

FNRMAT(1H0,5Xs11A%, 15,7, AND D-TIME=',E15.7,' AT CYCLF-',14)
FORMAT(1H 45X, "MAXIMUM ABS, VALUE ='",E15.7,' TO SMALL-NO PRINTOUT®

L)
FORMAT(1H 45Xy '"MAXIMUM ABS, VALUE =',E15¢7,' SCALE FACTOR =',F10,2
1)

FORMAT(1HOy2Xy "' R',2515)
FORMAT(14,1X,2515)
FORMAT(3X,'Z")

CMAX=AMAX

IF(AMAX.EQ.0)GN TN 240

1=0

PN 30 J=1,100

KAM=AMAX

IF(KAM,EQ.0)60 T1 40
AMAX=0.1% AMAX

1=1+1

CONTINUF

DN 50 J=1,100
AMAX=10,*AMAX

KAM=AMAX

IF(KAM,GT,0)G0 TN 60

1=1-1

CONT INUIF

60 TO 240
TF(AMAXGT4Q,993) =141
C=10.%%(4~])

DO R0 J=2,JMAX2

CO RO 1=2,IMAX2
KC(T4J)=A(T1,4J)%C

CONTINUE

PN 200 T=1,1X

DN 200 J=14JX

PRINT 500

PEINT 502, (TITLE(K) K=1,18)
PRINT 504, (U(K) K=1,11)yTIME,DFLT,NCYCL
PRINT 510,CMAX,C

K1=T1(T)

K2=12(1)

PRINT €12, (KK(K),K=K1,K2)
PRINT S16

L1=J1(J)

L2=42(J)

DN 1¢0 L=L1,L2

PPINT 51,0, (KC(KyL)yK=K1yK2)
CONT INUF

CONTINUF

GN TN 300

PRINT 500

PRINT 502, (TITLE(K) K=1,13)
PRINT S04, (U(K)yK=1,11),TIME,DELT,NCYCL'
PP INT SO0R,CMAX

PETUON

END

2047
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530

J22
30
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29
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SUBPOUTINE PICT(R,ZyPyLAST)

IMPLICIT RFAL*R(A-H,0-2)

CIMENSION IX1(50),1X2(50),JX1(50),JX2(50)

DIMENSION R(IMAX3,JMAX3),Z(IMAX3,JMAX3),P(IMAX3,JMAX3)

DIMENSICN LAME(50),LLAME(L),NX1(50)

DIMENSINN AX(20)

COMMON TMAX, JMAX, IMAXL, JMAX]1, IMAX2, JMAX2, IMAX3, JMAX3,NCYCL,

LIW, JW, ISTOP,10Q,J00,1DM,JDM,K? ] ,KR2,KB3 KPP ,KPP],KPP2,KPPX,KPPC,
2KPL14KPL2yKP114KBL12yKR314KR32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
34KB21yKR22,M11,M12,M21,M22,M31,M32,KNX(10),10UT

AyMT(L10)4MICL10) yMTH(LO) y MTV(10),MTC(10) 4MTX(1000),MTP(1000),KNP(10)

COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22(10) s TLXy 12Xy J1XsJ2X,KK(120)

COMMON /A/ DELT,DFLTO,TIMF,PIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P2(20),£0(20),60(20),C0(20),AA(20),BB(20),CC(20),VO(20),CCP(20),
2CCK(20)4CPLGI20),CRHNI20),CE(20),CP(20),CWB(20),CWN(20),CX(50),
3CXD(50),CV(50),CVD(50),4CX14CX2,CX3,PMASS,FZERN,ER,PLUG,PRS(6,1000)
Ay TME(1000),PLGF(1000),y YMX,YMS,YMN,CRP1,CRP2,CRP3,CREL1,CRE2,CRE3,
SRHO1,RHO2,RHN3 4 ZERML 4 ZERM2, ZFRM3 ,XYP(10) 4XFU(10)TKE,TIE,TM,YMXO
69 THHI10) y THV(10) o XME(10) , XRHO(10) 4, XPR(10) 4XSS(10,50)4XSR(10,50)
74 XDRT

RFAL*4 SSR,SSZ,SST,VP,R0,20,SC,RDNT,2ZDOT,MZERD

REAL®%~ TME,PLGFyPRS,TITLE,TIN

REAL*% DEL,R1yR2yRR4RR14RR2,22Z,271,2122

REAL%4L PMAX,PZ,PP1

REAL¥G AX,TMM

INTEGFR*2 KTX,KTY,KMX

IF(LAST)20,440,%0

CONTINUE

CALL FINIT(1,2)

READ 520,N

PRINT 520N

IF(N)22,22,21

RFEAD 5205 (IX1(L) 3 IX2(L) JXL(L) 4 JX2(L)4L=1,N)

PRINT 5204 (IX1(L)2IX2(L) 4IX1IL) 4IX2(L)4L=14N)

CONT INUE

FNRMAT(1216)

FORMAT (18A4)

READ 522 ,NNM,PMAX

PRINT 523 ,NNM,PMAX

FORMAT(16,F12.0) »

IF(NNM)32,32,30

READ 520, (NXLIL)sL=14NNM)

PRINT 520, (NXL(L)yL=1,NNM)

DN 31 L=1,NNM

J=TARS(NX1(L))

IF(NX1(L))27,431,29

CALL CONVO(' ("2Z=",T12)",LAME(L),0,KRR,J)

GO TN 31

CALL CONVO('("R=",12)',LAME(L),0,KRR,J)

CONT INUE

FORMAT(1£&,E15.7)

FNRMAT(1HO, 18A%)

CUNTINUE

NNN=0

CALL FLINO(1)

CALL FLINW(2)

CALL FCHSZ(3)

CALL FTEXT(TITLE,72,1,100,2000)

CALL FCHS7(2)

CALL FMAREA(2200,2200)

CALL FXYTRN(1000,1000)

CALL FADVI(4)

RS=R(2,2)

IF(KR3,EQ.2)GN T 34

15=7(2,2)

GO TN 36
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34
36

35
38

Ay
30

50

60

57

L5=YMN

CONT INUF
IF(KR2,EQ.2)GD TO 35
R6H=R (IMAX2,JMAX2)
GO TO 3R

R6E=YMS

CONT INVE
IF(KR1,EQ.2)60 TO 37
76=7(IMAX2,JMAX2)
GO TO 39

7£=YMX

CONT INUE

R3=RL=RS

fA=26=72h
TF(PR3=73)24,2%4426
R1=0,05%73
R2=73+42.*R1

GN TO 28
R1=0,05*R3
R2=R3+42,%R1
CONTINUE

LAST=0

Rl==R1

CANT INYIF

TMM=TMF

CALL CONVO('("CYCLE=",14%," TIMF=",F1148)"',AXy0,KRR,NCYCL,TMM)

CALL FDATM(2)

CALL FXYLIM(RL,R14,R2,4P2)
DO 60 T1=2,TMAX2

T1=1+1

D0 A0 J=2,JMAX2

Jl=J+1

RR=R(I,J)=-RS

12=2(1,4)-125
IF(I1.FN.IMAX2)GO TO 50
RR1=R(IlyJ)=R5
ZL1=2(11+J)=25

CALL FLNSG(RR,ZZ4RR1,721)
IF(J.EN.JMAX2)GO TO 60
RR1=R(I,J1)-RS
271=7(1,J1)-75

CALL FLNSG(RR,ZZ4RR1,221)
CONTINUE

IF(KBL.NF,2)60 TO 61
RR=R(2,JMAX2)=-R5
77=7(2,JMAX2)-15

PR]1=PR

771=YMX-75

CALL FLNSG(RR,ZZ4RR1,721)
IF(KR2.,EQ.2)60 TN 57
RR=P(IMAX2,JMAX2)=R5
L7=7(IMAX2,JMAX2)-25
RP1=0R

CALL FLNSG(RP4ZZyRR1,221)
RR1=RR

27=771

RR=R(2,JMAX2)=-R5

FALL ELNSG(RR,Z7+RR1,4271)
G0N TNO 61

CONT INUE

PR1=YMS=-RS

77=271

CALL FLNSG(RR,Z7,RR1,771)
TF(KR3NEL2)GN TN 62
RP=R(242)=R&

17=2(2,2)=15

RR1=RR
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771=YMN=75

CALL FLNSG(RRyZZ,RR1,221)
IFI(KR2,EQ.2)GN TO SR
RR=R(IMAX2,2)=R§
77=7(1MAX2,2)-25

PF1=RR

CALL FLNSG(KR,ZZ,RR1,221)
0P 1 =RP

LI=211

RR=R(2,2)=-R5S

CALL FLNSG(RR,7Z,RR1,221)
60 TN 62

CONTINUE

RPR1=YMS=RS

21=771

CALL FLNSG(RR,ZZ,RR1,271)
TF(KR2,NF,2)G0 TO 63
AR=YMS=RS

RR]1=RR

27=7(IMAX2,2)=15 -
721=7(IMAX2,JMAX2)~15
IF(KRL.EQ,2)771=YMX-125
IF(KR3,FQ,2)77 =YMN-15
CALL FLNSGI(RR,7Z,RR1L,271)
IF(KRL,FN,2)G0 TO &5
RR=R(IMAX2,JMAX2)=R5S
R2]=YMS=RS

27 =7(IMAX2,JMAX2)-15
721=227

CALL FULNSG(RR,7Z,RR1,221)
CONTINYIE

1E(KR3,F0,2)6GN TO 63
RR=R(IMAX2,2)=R5
RR1=YMS=RS
72=7(IMAX2,2)-25

111=122

CALL FLNSG(RR,Z2Z,RR1,271)
CONT INUE

IFIN)TS,79,64

CONT INUE

pN 78 L=1,N

IP1=IX1(L)

1P2=1Xx2(L)

JP1=JXx1(L)

JP2=Jx2(L)
TF(IP2=1P1)64,66,T72

I=1°P1

KP2=)P2-1

DD 70 J=JPL,KP2

J1=J+1

RR=R(I,J)=R5
27=2(1,J)-125
RR1=R(I,J1)=R%
721=2(1,J1)=25

NN AR K=1,3

CALL FLNSG(RR4ZZ,RR1,221)
CONT INUE

CONT INUE

GO TO 78

J=Jr1l

KP2=1P2-1

DN 76 I=1P1,KP2

I1=1+1

RR=R(I,J)=RE
22=7(1,J)-125
RR1=R(T1,J)=-R5
221=2(11,J)-125
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140
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150

200
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DN 74 K=1,3
CALL FLNSG(RR,2Z,RR1,771)
CONT INUF

CONT INUF

CINTINUE

CONT INUF

CALL FTEXT(AXy27y1,R2%,05,R2%,95)
CALL SADV(4)
IF(NNM)220,220,110
RR1=PMAX¥1,1

CALL FXYLTM(RL,R1,R2,RR1)
N0 200 K=1,NNM
LLAME(1)=LAME(K)

CALL FTEXT(AXy27914R2¥,05,PMAX¥1,05)
CALL FTEXT(LLAMF,%,1,R2%,05,PMAX*1,00)
IF(NXL(K))120,160,160
J=TARS(NXL(K))
RR=R(2,2)=-R5

ZZ=0s

PRL=R(IMAX2,2)-R5
IF(KB2.EN42)RR1=YMS=R5
771=PMAX

DO 122 L=1,3

CALL FLNSG(RR,ZZ,RR1,22)
CALL FLNSG(RR,7ZZ,RR,7721)
CONT INUE

I1=2

12=1MAX

DO 140 I=11,12
PR=R(I,J)=RE

P7=P(1,J)
IF(P7,6GT.PMAX)PZ=PMAX
RRI=P(I+1,J)-R5
PP1=P(I41,J)
IF(PPL.GTPMAX)PPL=PMAX
CALL FLNSG(RR,PZ,2R1,PP1)
CONT INUE

G) TO 1€0

I=NX1(K)

RR=7(2,2)-15
IF(KB3,FQ.,2)RR =YMN-7%
Z7=0,

RR1=7(2,J4AX2)=25
IF(KBL.FQ,2)RRL=YMX=25
771=PMAX

NN 162 L=1,3

CALL FLNSG(RR,Z7,RP1,22)
CALL SLNSG(RR,ZZ,RR,271)
CONT INUF

Ji=2

J2=JMAX

N0 180 J=J1yJ2
RF=7(1,4)=25

PZ=P(TyJ}
TF(PZ.,GT4PMAX)PZ=PMAX
RRL=7(T1,J41)-25
PPL=P(1,J+1)
IF(PPLl.ATPMAX)PP1=PMAX
CALL FLNSG(FR,PZ,RR1,PP1)
CONT INUF

CONT INUE

CALL FADV(#)

CONT TMUF

CONT INUF
IF(LAST)100,100,80

CANT INUE

CALL FADV(S)
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CALL FPATM(3)

CALL FMAREA(4000,4000)

CALL FXYTRN(0,0)

CALL FCHSZ(3)

CALL FTFXT(TITLE,72,1,100,2000)
CALL FCHSZ(2)

CALL FANV(4)

CALL FEOF

RETURN

END

SURROUTINE OTAPE (R,Z,RDOT,ZNOT,M7ERO,P,VP,E,RHO,R0,70,5C, SSR,SSZ,
1SSToKTXyKTY KMX)

IMPLICIT RFAL*3(A=H,0-2)

OIMENSION R(IMAX3,JMAX3),Z(TMAX3,JMAX3),RPOT(IMAX3,JMAX3),

17007 (TMAX3,JMAX3),RO(IMAX3, JMAX3), 70 (IMAX3, JMAX3) ,MZERO( IMAX3, JMAX
23)yE(IMAX3,JMAX3),P(IMAX3,JMAX3) ,RHO(IMAX3, JMAX3),VP(IMAX3, JMAX3),
3SCIIMAX3,JMAX3) KTX(TMAX3,JMAX3) KTY(IMAX3, JMAX3)

Gy KMX(IMAX3, JMAX3)

DIMENSION SSR(IMAX3,JMAX3),SSZ(IMAX3,JMAX3),SST(IMAX3,JMAX3)

COMMON TMAX s JMAXy IMAXLy JMAX 1, IMAX2, JMAX2, IMAX3, JMAX3,NCYCL,
1IWy JW, ISTOP,1Q0,J2Q,IDM,JDM,KB1,KR2,KR3 ,KPP,KPP],KPP2,KPPX,KPPC,
2KPL1yKPL2yKB11yKBL12,KB31,KB32,NPP,NCL,KXP(20),KYP(20),KXYP(1000)
34KR21yKB22yM114M124M21 yM22,M31,M32,KNX(10),TOUT
49MT(10)yMJ(10),MTH(10),MTV(10),MTC(10),MTX(1000),MTP(1000),KNP(10)

COMMON T11(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22010) 4 T1X, 12X, J1X,J2X,KQ(120)

COMMNN /A/ DELT,DELTO,TIME,DIST,WMAX,TITLE(20),PP(20,50),VV(20,50)
1,P0O(20),EN(20),G60(20),CO(20),AA(20),RB(20),CC(20),V0D(20),CCP(20),
2CCK(20)4CPLG(20),CRHO(20),CE(20),CP(20),CWRB(20),CWN(20),CX(50),
3CXD(50),CV(50),CVD(50),CX1,CX2,CX3,PMASS,EZERD,EB,PLUG,PRS(6,1000)
%, TME(1000),PLGF (1000),YMX,YMS,YMN,CRP1,CRP2,CRP3,CREL,CRE2,CRE3,
SRHOL4RHO2yRHO3, ZERM] y ZERM2 , ZERM3 ,XYP(10) 4 XEU(L10) 4 TKE,TIE,TM,YMXO
63 THH(10) y THV(10) 4 XME(10) yXRHO(10) ,XPR(10),X55(10,50),XSR(10,50)

T+ XDBT

REAL*4 SSR,SS7,SST,VP,R0,20,SC,RDOT,ZDOT, nlEnn

REAL®&4 TME,PLGF,PRS,TITLE,TIN

INTEGFR*2 KTX,KTY,KMX

1NUT=10UT

IF(INUT-2)100,200,300

CONTINUE

REWIND 8

WPITE(BINCYCLyTWyJW,KBL,KR2,KB3,1QQ,JQQ,KPP,KPPL4KPP2,KPPX,KPPC

WRITE(R)KPLL,KPL2,NPP,KR11,KR12,KR21,KB22,KB31,KB32,IDM,JDM

WRITF (8)M11,M12,M21,M22,M31,M32

WRITE(B)KXP yKYPyKNX KNP yMI gMJy MTH, MTV,MTC

WRITE(R)MTX,MTP

WRITF (PIKTXKTY,KMX

WRITE(®)TIME,DELT,DIST,DELTO, WMAX, PMASS , YMX 4 YMS , YMN,YMX0,EZERD

WRITE(R)PLUG,CRP1,CRP2,CRP3,CRF1,CRE2,CRE3,RHOL1,RHO2,RHO3, XDBT

WRITE(R)ZERM1,ZERM2, ZERM3

HRlTE(S)PO[FUQGﬂvCﬂ'VOOAAIRSICC

WRITE(8)CCP,CCK,CRHO,CE,CP,CWB,CWN,CPLG

WRITE(B)CX,CXD,CV,CVD

WRITE(®)XSSyXSR

WRITE(B)PP,VV

WRITE(B)XYP ¢ XEUTHH, THV y XME , XRHO, XPR

WRITE(R)SSR,SS2,SST,VP,SC

WRITF(8)R0O,20,RD0T,2D0OT,MZEROD

WRITE(R)R,Z,PyE,RHO

END FILE 8

GN TO 450

2381
2382
2383
2334
2385
2386
2387
2388
2389
2390

2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437
2438
2439
2440
2441
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92

200 CONTINUE
REWIND ©

300

READ
PEAN
READ
READ
PEAD
2°AD
REAN
RFAD
RFEAL
READ
QEAD
READ
eFAD
READ
READ
READ
EC['\
READ

(C)NCYCLy TWyJWyKBLyKB2yKR3,TQQyJAQ4KPP,KPPL,KPP2,KPPXyKPPC
(O)KPLLyKPL2yNPPyKB11yKR12,KB21,KPR224KB31,KB32,IDM,JNM
(9)MLLyM12,M2]14M224M31,M32

(C)IKXP 3 KYP g KNXyKNP g MT g MJyMTH, MTV,MTC

(Q)MTX,MTP

(CIKTX KTY, KMX

(C)TIME DELT,OIST,NELTO,WMAX,PMASS,YMX,YMS,YMN,YMXO,FZERD
(©)PLYG4CRPL,CRP2,CRP3,CREL1,CRF2,CRE3,PHNL,RHO2,RHO3, XDBT
(®)7FRM1,7ERM2,7ERM3

(6)PN,EN,GN,CO,VN,AA,BR,CC
(©)CCP,CCKyCRHOWCECPyCW3,CWN,CPLG

(Q)CX,CXDyCV,CVD

(S)XSSyXSR

(2IPPsVV

(S)XYP,yXEUy THH, THV y XME y XRHO, XPR

(€)SSR4SSZ,ySST,VP,SC

(SIRN,ZN,RNAT, ZNOT yM7FRO

(C)P47,40P4E4RHO

GO TN &50

1NuT=

1

6N TN 200
RETIRN

END

246462
2443
2644
2445
2446
24417
2448
2449
2450
2451
2452
2453
2654
2455
2456
2657
2458
2459
2¢60
2661

2462

2463

2464

24565

2466



1,

6.
7.

10,

11,
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